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[Title of the Document] Claims for the Patent 



[Claim 1] 



A compound represented by the following general formula: 



[Formula 1] 



(HO) 2 (0)PO*'" 




^Q-P-OH 
OH 

'""WR 1 



(I) 



[wherein Q represents an oxygen atom, a C1-C3 alkylene group, a -O-Alk- group or a 
-O-Alk-O- group (in which Alk represents a C r C 3 alkylene group), 
W represents an oxygen atom or a -NH- group, 

R 1 (when W is a -NH- group) represents a Ci-C 20 alkanoyl group which may 
be substituted by at least one group selected from the following Substituent group A, 
a C3-C20 alkenoyl group which may be substituted by at least one group selected 
from the following Substituent group A or a C3-C20 alkynoyl group which may be 
substituted by at least one group selected from the following Substituent group A, 

R 1 (when W is an oxygen atom), R 2 , R 3 and R 4 , which may be the same or 
different, represent a hydrogen atom, a C1-C20 alkyl group which may be substituted 
by at least one group selected from the following Substituent group A, a C 2 -C 2 o 
alkenyl group which may be substituted by at least one group selected from the 
following Substituent group A a C 2 -C 20 alkynyl group which may be substituted by 
at least one group selected from the following Substituent group A, a C1-C20 alkanoyl 
group which may be substituted by at least one group selected from the following 
Substituent group A, a C3-C20 alkenoyl group which may be substituted by at least 
one group selected from the following Substituent group A or a C3-C20 alkynoyl 
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gronp which may be ******** one group s e,e«e4 from the fo.,owing 

Substituent group A, 

R > represents a hydrogen atom, a halogen atom, a hydroxyl group, a C,-C s 
alk oxy group which may have an oxo group, a C 2 -C« alheny.oxy group whichmay 
have an oxo group or a C 2 -C 8 alhynyloxy group which may have anoxo group, 

the Suhstituen. group A consisting of a haiogen atom, a hydroxy! group, an 
oxo group, a Ct-Cao alkoxy group which may have an oxo group, a ( Cl -C M alkoxy) 
Cl -C M a,,coxygroup,a ( (C 1 -C M a 1 xoxy)C 1 -C M a lk oxy,C,-C M a„coxy g roup,aC J - 

Ca.Ueny.oxy group which may have an oxo group, a C 2 -C M alkynyloxy group 
whichmay have anoxo group, a C,-C M ahcanoy.oxy group which may have an oxo 
group a CrC a*enoy.oxy group which may have an oxo group and a C,-C M 
ahcynoyloxy group which may have an oxo group], or a pharmacological* 
acceptable salt thereof. 
[Claim 2] 

A medicament comprising the compound according to Cairn . as an actrve 
ingredient. 

[Claim 3] . 

An agent for prophylaxis or treatment of inflammation, compnsmg the 

compound according to claim 1 as an active ingredient. 

[Claim 4] 

An agent for prophy.axis or treatment of an autoimmune disease, compnsmg 
the compound according to claim 1 as an active ingredient. 
[Claim 5] 

An agent for prophy.axis or treatment of sepsis, comprising the compound 
according to claim 1 as an active ingredient. 
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[Claim 6] 

An immunosuppressive agent comprising the compound according 
as an active ingredient. 
[Claim 7] 

A prognosis-improving agent after coronary artery bypass surgery, 
comprising the compound according to claim 1 as an active ingredient. 
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[Title of the Document] Specification 
[Title of the Invention] 

LEFT-SIDE GLUCOSE LIPID A ANALOGUE 
[Technical Field] 
[0001] 

The present invention relates to a novel lipid A analogue having excellent 
macrophage activity inhibitory action and useful as an anti-inflammatory agent, an 
anti-autoimmune disease agent, an immunosuppressive agent, an antiseptic agent or a 
prognosis-improving agent after coronary artery bypass surgery. 
[Background Art] 
[0002] 

Gram-negative bacteria from enterobacteria contain, in the outermost 
membrane of the cell wall, a toxic component (endotoxin) that is not extracellularly 
secreted. In addition to the endotoxic activity, the endotoxin exhibits various 
biological activities such as immunoadjuvant activating action associated with 
biophylaxis, macrophage activating action, mitogen activating action, pyrogenic 
action, tumor necrosis action, antibody production enhancing action and TNF 
inducing action. 
[0003] 

Such endotoxin is composed of lipopolysaccharides, and a portion called 
"lipid A" has been confirmed to be the active center for the endotoxin activity (Non- 
patent Document 1). 
[0004] 

On the other hand, a bacterial lipid A related compound (Rs-DPLA) found in 
Rhodobacter sphaeroides (Non-patent Document 2 and Non-patent Document 3) 
exhibits LPS antagonist activity against human macrophage, and is possibly useful as 
an anti-autoimmune disease agent or an antiseptic agent. Thus, development of 
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drugs which exhibit macrophage inhibitory action instead of macrophage activating 

action has been undertaken. 

[0005] 

These research results have prompted attempts to synthesize derivatives of 
such compounds having useful activity among the above various activities. For 
example, derivatives described in Non-patent Document 4, Patent Document 1, 
Patent Document 2, Patent Document 3, or Patent Document 4 are known. 

[Non-patent Document 1] Imoto et al., Tetrahedron Letters, 1985, vol.26, 

P. 1545 

[Non-patent Document 2] Koresh et al., Journal of Biological Chemistry, 
1988, vol.263, P.5502 

[Non-patent Document 3] Infection and Immunity, vol.57, P. 1336 

[Non-patent Document 4] Christ et al., Journal of American Chemical 
Society, vol. 116, P.3637 

[Patent Document 1] Japanese Patent Application Publication No. Hei-10- 

324694 

[Patent Document 2] Japanese Patent Application Publication No. Hei-5- 
194470 

[Patent Document 3] Japanese Patent Application Publication No. 2001- 
348396 

[Patent Document 4] U.S. Patent No. 5935938 
[Disclosure of the Invention] 
[Problems to be Solved by the Invention] 
[0006] 

The present inventors aim at finding a novel lipid A analogue having 
excellent macrophage activity inhibitory action and useful as an anti-inflammatory 
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agent, an anti-autoimmune disease agent, an immunosuppressive agent, an antiseptic 
agent or a prognosis-improving agent after coronary artery bypass surgery. 
[Means for Solving the Problems] 
[0007] 

The present inventors have conducted intensive studies in order to solve the 
above problem, and as a result have found that a certain group of compounds of 
glycosyl lipid A analogues containing a phosphono group or a phosphonooxyethyl 
group at position 1 has excellent macrophage activity inhibitory action, and 
completed the present invention. 
[0008] 

The compound according to the present invention is: 
1) a compound represented by the general formula: 
[0009] 
[Formula 1] 




[0010] 

[wherein Q represents an oxygen atom, a C r C 3 alkylene group, a -O-Alk- group or a 
-O-Alk-O- group (in which Alk represents a C1-C3 alkylene group), 
W represents an oxygen atom or a -NH- group, 

R 1 (when W is a -NH- group) represents a Ci-C 20 alkanoyl group which may 
be substituted by at least one group selected from the following Substituent group A, 
a C 3 -C 20 alkenoyl group which may be substituted by at least one group selected 
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from the following Substituent group A or a C 3 -C 20 alkynoyl group which may be 
substituted by at least one group selected from the following Substituent group A, 

R 1 (when W is an oxygen atom), R 2 , R 3 and R 4 , which may be the same or 
different, represent a hydrogen atom, a C1-C20 alkyl group which may be substituted 
by at least one group selected from the following Substituent group A a C 2 -C 2 o 
alkenyl group which may be substituted by at least one group selected from the 
following Substituent group A a C 2 -C 20 alkynyl group which may be substituted by 
at least one group selected from the following Substituent group A a C r C 20 alkanoyl 
group which may be substituted by at least one group selected from the following 
Substituent group A a C 3 -C 20 alkenoyl group which may be substituted by at least 
one group selected from the following Substituent group A or a C 3 -C 20 alkynoyl 
group which may be substituted by at least one group selected from the following 
Substituent group A 

R 5 represents a hydrogen atom, a halogen atom, a hydroxyl group, a Ci-C 6 
alkoxy group which may have an oxo group, a C 2 -C 6 alkenyloxy group which may 
have an oxo group or a C 2 -C 6 alkynyloxy group which may have an oxo group, 

the Substituent group A consisting of a halogen atom, a hydroxyl group, an 
oxo group, a C1-C20 alkoxy group which may have an oxo group, a (C1-C20 alkoxy) 
Ci-C 20 alkoxy group, a {(C1-C20 alkoxy) C,-C 20 alkoxy} d-C 20 alkoxy group, a C 2 - 
C 20 alkenyloxy group which may have an oxo group, a C 2 -C 20 alkynyloxy group 
which may have an oxo group, a Ci-C 20 alkanoyloxy group which may have an oxo 
group, a C 3 -C 20 alkenoyloxy group which may have an oxo group and a C 3 -C 20 
alkynoyloxy group which may have an oxo group], or a pharmacologically 
acceptable salt thereof. 
[0011] 

Of the compounds (I) of the present invention, preferred are 
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2) a compound wherein W is a -NH- group and R 1 is a Cg-Cig alkanoyl or Cg-Cig 
alkenoyl group, which may have a substituent selected from the Substituent group A; 

3) a compound wherein W is a -NH- group and R 1 is a Cjo-Cig alkanoyl or Cio-Cu 
alkenoyl group, which may have a substituent selected from the Substituent group A; 

4) a compound wherein W is a -NH- group and R 1 is a Ci 2 -Ci 6 alkanoyl or Cn-Ci6 
alkenoyl group, which may have a substituent selected from the Substituent group A; 

5) a compound wherein W is an oxygen atom and R 1 , R 2 , R 3 and R 4 , which may be 
the same or different, are a C 4 -Cig alkyl, C 4 -Cig alkenyl, C 4 -Cjg alkanoyl or C 4 -Cig 
alkenoyl group, which may have a substituent selected from the Substituent group A; 

6) a compound wherein W is an oxygen atom and R 1 , R 2 , R 3 and R 4 , which may be 
the same or different, are a Cg-Cig alkyl, Cg-Cig alkenyl, Cg-Cig alkanoyl or Cg-Cig 
alkenoyl, which may have a substituent selected from the Substituent group A; 

7) a compound wherein W is an oxygen atom and R 1 , R 2 , R 3 and R 4 , which may be 
the same or different, are a Cio-Cig alkyl, Cio-Cig alkenyl, Cio-Ci 8 alkanoyl or C i0 - 
Cig alkenoyl, which may have a substituent selected from the Substituent group A; 

8) a compound wherein W is an oxygen atom and R 1 , R 2 , R 3 and R 4 , which may be 
the same or different, are a Ci 2 -Ci 6 alkyl, d 2 -Ci 6 alkenyl, Ci 2 -Ci 6 alkanoyl or Ci 2 - 
Cie alkenoyl group, which may have a substituent selected from the Substituent 
group A; 

9) a compound wherein W is an oxygen atom, R 1 and R 3 , which may be the same or 
different, are a C n -Ci 6 alkanoyl or Ci 2 -Ci 6 alkenoyl group, which may have a 
substituent selected from the Substituent group A and R 2 and R 4 , which may be the 
same or different, are a Ci 2 -Ci 6 alkyl or Ci 2 -Ci6 alkenyl group, which may have a 
substituent selected from the Substituent group A; 

10) a compound wherein W is an oxygen atom, R 1 and R 3 , which may be the same or 
different, are a decanoyl, dodecanoyl, tetradecanoyl, dodecenoyl, tetradecenoyl or 
octadecenoyl group, which may have a substituent selected from the Substituent 
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group A, and R 2 and R 4 , which may be the same or different, are a decyl, dodecyl, 
tetradecyl, dodecenyl, tetradecenyl or octadecenyl group, which may have a 
substituent selected from the Substituent group A; 

1 1) a compound wherein the substituent selected from the Substituent group A is a 
fluorine atom, a hydroxyl group, a Ci-C 20 alkoxy group, a Ci 2 -C 14 alkenyloxy group, 
a C12-C14 alkanoyloxy group or a C12-C14 alkenoyloxy group; 

29) a compound wherein the substituent selected from the Substituent group A is a 
dodecyloxy group, a tetradecyloxy group, a dodecenyloxy group, a tetradecenyloxy 
group, a dodecanoyloxy group, a tetradecanoyloxy group, a dodecenoyloxy group, a 
tetradecenoyloxy group or an octadecenoyl group; 

30) a compound wherein R 5 is a halogen atom, a hydroxyl group or an unsubstituted 
Ci-C 6 alkoxy group; 

3 1) a compound wherein R 5 is a fluorine atom, a hydroxyl group or a methoxy 
group; 

32) a compound wherein Q is an oxygen atom; 

33) a compound wherein Q is a phosphonoethyl group; and 

34) a compound wherein position 1 of the right-side glucose or glucosamine takes 
the ot-configuration. 

[0012] 

Of these, more preferred compounds are 

phosphono3-0-decyl-2-deoxy-6-0-{3-0-[(R)-3-methoxydecyl]-6-0-methyl- 
2-0-[(Z)- 1 1 -octadecenoyl]-4-0-phosphono-p-D-glucopyranosyl } -2-(3 - 
oxotetradecanoylamino)-a-D-glucopyranoside (Compound No. 1), 

phosphono3-0-decyl-2-deoxy-6-0-{3-0-[(R)-3-methoxydecyl]-6-0-methyl- 
2-0-[(Z)-ll-octadecenyl]-4-0-phosphono-p-D-glucopyranosyl}-2-(3- 
oxotetradecanoylamino)-a-D-glucopyranoside (Compound No. 2), 
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phosphono3-0-decyl-2-deoxy-6-0-{3-0-[(R)-3-methoxydecyl]-2-0-[(Z)-ll- 
octadecenoyl]-4-0-phosphono-P-D-glucopyranosyl}-2-(3-oxotetradecanoylamino)- 
a-D-glucopyranoside (Compound No. 3), or 

phosphono 3-0-decyl-2-deoxy-6-0-{3-0-[(R)-3-methoxydecyl]-2-0-[(Z)- 1 1 - 
octadecenyl]-4-0-phosphono-f3-D-glucopyranosyl}-2-(3-oxotetradecanoylamino)-a- 
D-glucopyranoside (Compound No. 4). 
[0013] 

The present invention also provides a medicament comprising the above 
compound (I) as an active ingredient, which is specifically an agent for prophylaxis 
or treatment of inflammation, an agent for prophylaxis or treatment of an 
autoimmune disease, an immunosuppressive agent, an agent for prophylaxis or 
treatment of sepsis or a prognosis-improving agent after coronary artery bypass 
surgery. 
[0014] 

In the above formula (I), the alignment in Q is not particularly limited, and the 
-O-Alk- group may be -O-Alk- or -Alk-O-. 
[0015] 

The "C1-C3 alkylene group" in the present invention is, for example, a linear 
or branched C1-C3 alkylene group such as a methylene, ethylene, propylene or 
trimethylene group, preferably a methylene, ethylene or trimethylene group, more 
preferably an ethylene group. 
[0016] 

The "C1-C20 alkanoyl group" and the "C1-C20 alkanoyl" moiety in the "C1-C20 
alkanoyloxy group which may have an oxo group" in the present invention are, for 
example, a linear or branched C1-C20 alkanoyl group such as formyl, acetyl, 
propionyl, isopropionyl, butyryl, isobutyryl, sec-butyryl, tert-butyryl, valeryl, 
isovaleryl, pivaloyl, hexanoyl, isohexanoyl, heptanoyl, isoheptanoyl, octanoyl, 
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isooctanoyl, nonanoyl, isononanoyl, decanoyl, isodecanoyl, undecanoyl, 
isoundecanoyl, lauroyl, isolauroyl, tridecanoyl, isotridecanoyl, myristoyl, 
pentadecanoyl, palmitoyl, heptadecanoyl, stearoyl, isostearoyl, nonadecanoyl or 
icosanoyl group, preferably a C 4 -Ci 8 alkanoyl group, more preferably a C 8 -Ci 8 
alkanoyl group, further preferably a Cio-Cig alkanoyl group and particularly 
preferably a C12-C16 alkanoyl group. 
[0017] 

The "C3-C20 alkenoyl group" and the "C3-C20 alkenoyl" moiety in the "C3-C20 
alkenoyloxy group" in the present invention are, of the C1-C20 alkanoyl groups listed 
above, a group having 3 to 20 carbon atoms and 1 to 3 double bonds, preferably a C 4 - 
Cig alkenoyl group, more preferably a C 8 -Ci 8 alkenoyl group, further preferably a 
Cio-Cig alkenoyl group, particularly preferably a Cj 2 -Ci 6 alkenoyl group. 
[0018] 

The "C3-C20 alkynoyl group" and the "C3-C20 alkynoyl" moiety in the "C3-C20 
alkynoyloxy group" in the present invention are, of the C1-C20 alkanoyl groups listed 
above, a group having 3 to 20 carbon atoms and 1 to 3 triple bonds, preferably a C 4 - 
Cis alkynoyl group, more preferably a C 8 -Ci 8 alkynoyl group, further preferably a 
Cio-Cis alkynoyl group, particularly preferably a Ci 2 -Ci 6 alkynoyl group. 
[0019] 

The "C1-C20 alkyl group" and the "C1-C20 alkyl" moiety in the "C1-C20 alkoxy 
group" in the present invention are, for example, a linear or branched alkyl group 
having 1 to 20 carbon atoms such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, 
s-butyl, tert-butyl, pentyl, isopentyl, 2-methylbutyl, neopentyl, 1-ethylpropyl, hexyl, 
isohexyl, 4-methylpentyl, 3-methylpentyl, 2-methylpentyl, 1-methylpentyl, 3,3- 
dimethylbutyl, 2,2-dimethylbutyl, 1,1-dimethylbutyl, 1 ,2-dimethylbutyl, 1,3- 
dimethylbutyl, 2,3-dimethylbutyl, 2-ethylbutyl, heptyl, 1-methylhexyl, 2- 
methylhexyl, 3-methylhexyl, 4-methylhexyl, 5-methylhexyl, 1-propylbutyl, 4,4- 
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dimethylpentyl, octyl, 1-methylheptyl, 2-methylheptyl, 3-methylheptyl, 4- 
methylheptyl, 5-methylheptyl, 6-methylheptyl, 1-propylpentyl, 2-ethylhexyl, 5,5- 
dimethylhexyl, nonyl, 3-methyloctyl, 4-methyloctyl, 5-methyloctyl, 6-methyloctyl, 
1-propylhexyl, 2-ethylheptyl, 6,6-dimethylheptyl, decyl, 1-methylnonyl, 3- 
methylnonyl, 8-methylnonyl, 3-ethyloctyl, 3,7-dimethyloctyl, 7,7-dimethyIoctyl, 
undecyl, 4,8-dimethylnonyl, dodecyl, tridecyl, tetradecyl, pentadecyl, 3,7,11- 
trimethyldodecyl, hexadecyl, 4,8,12-trimethyltridecyl, 1-methylpentadecyl, 14- 
methylpentadecyl, 13,13-dimethyltetradecyl, heptadecyl, 1 5-methylhexadecyl, 
octadecyl, 1-methylheptadecyl, nonadecyl, icosyl or 3,7,11,15-tetramethylhexadecyl 
group, preferably a C 4 -Cig alkyl group, more preferably a Cg-Cjg alkyl group, further 
preferably a Cio-Cig alkyl group, particularly preferably a Ci 2 -Ci 6 alkyl group. 
[0020] 

The "C2-C20 alkenyl group" in the present invention is, of the C1-C20 alkyl 
groups listed above, a group having 2 to 20 carbon atoms and 1 to 3 double bonds, 
preferably a C 4 -Cig alkenyl group, more preferably a Cg-Cig alkenyl group, further 
preferably a Cio-Cis alkenyl group, particularly preferably a Ci 2 -Ci 6 alkenyl group. 
[0021] 

The "C2-C20 alkynyl group" in the present invention is, of the C1-C20 alkyl 
groups listed above, a group having 2 to 20 carbon atoms and 1 to 3 triple bonds, 
preferably a Cio-Cis alkynyl group, more preferably a Cg-Cig alkynyl group, further 
preferably a Cio-Cig alkynyl group, particularly preferably a C12-C16 alkynyl group. 
[0022] 

The "halogen atom" in the present invention is a fluorine, chlorine, bromine 
or iodine atom, preferably a fluorine, chlorine or bromine atom, more preferably a 
fluorine atom. 
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[0023] 

The "Ci-Ce alkoxy group" in R 5 in the present invention is, for example, a 
linear or branched alkoxy group having 1 to 6 carbon atoms, such as methoxy, 
ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, s-butoxy, tert-butoxy, pentyloxy, 
isopentyloxy, 2-methylbutyloxy, neopentyloxy, 1-ethylpropyloxy, hexyloxy, 
isohexyloxy, 4-methylpentyloxy, 3-methylpentyloxy, 2-methylpentyloxy, 1- 
methylpentyloxy, 3,3-dimethylbutyloxy, 2,2-dimethylbutyloxy, 1,1- 
dimethylbutyloxy, 1,2-dimethylbutyloxy, 1,3-dimethylbutyloxy, 2,3- 
dimethylbutyloxy or 2-ethylbutyloxy group, preferably a linear or branched alkoxy 
group having 1 to 4 carbon atoms, more preferably a methoxy group. 
[0024] 

The "C 2 -C 6 alkenyloxy group" in R 5 in the present invention is, of the Ci-C 6 
alkoxy groups listed above, a group having 2 to 6 carbon atoms and 1 double bond, 
preferably a C 2 -C 4 alkenyloxy group. 
[0025] 

The "C 2 -C 6 alkynyloxy group" in R 5 in the present invention is, of the Ci-C 6 
alkoxy groups listed above, a group having 2 to 6 carbon atoms and 1 triple bond, 
preferably a C 2 -C 4 alkynyloxy group. 
[0026] 

The "(C1-C20 alkoxy) Ci-C 20 alkoxy group" in the present invention is a "Ci- 
C 20 alkoxy group" listed above substituted by one "Ci-C 20 alkoxy group" listed above, 
preferably a (C r C 6 alkoxy) Ci-C 6 alkoxy group. 
[0027] 

The "{(C1-C20 alkoxy) C r C 20 alkoxy} C1-C20 alkoxy group" in the present 
invention is a "Ci-C 20 alkoxy group" listed above substituted by one "(C1-C20 alkoxy) 
Ci-C 20 alkoxy group" listed above, preferably a {(Ci-C 6 alkoxy) Ci-C 6 alkoxy} C r 
C6 alkoxy group. 
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[0028] 

In the present invention, substitution in alkyl, alkenyl, alkynyl, alkoxy, 
alkenyloxy or alkynyloxy group by an oxo group does not include substitution of the 
carbon atom at position 1 by the oxo group. In other words, alkyl, alkenyl, alkynyl, 
alkoxy, alkenyloxy or alkynyloxy substituted by an oxo group does not include 
alkanoyl, alkenoyl, alkynoyl, alkanoyloxy, alkenoyloxy or alkynoyloxy. 
[0029] 

The "Substituent group A" in the present invention is preferably the group 
consisting of a fluorine atom, a hydroxyl group, a Ci-C 2 o alkoxy group, a C12-C14 
alkenyloxy group, a Cn-Cn alkanoyloxy group and a C ]2 -Ci4 alkenoyloxy group, 
more preferably the group consisting of a dodecyloxy group, a tetradecyloxy group, a 
dodecenyloxy group, a tetradecenyloxy group, a dodecanoyloxy group, a 
tetradecanoyloxy group, a dodecenoyloxy group, a tetradecenoyloxy group and an 
octadecenoyl group. 
[0030] 

In the above formula (I), the position of substitution by the Substituent group 
A is preferably position 3. 
[0031] 

The compound of the above formula (I) may be formed into a salt, and 
preferred examples of such salts include alkali metal salts or alkaline earth metal 
salts such as sodium salts, potassium salts, magnesium salts or calcium salts; and 
salts of organic base such as triethylamine salts or trimethylamine salts. 
[0032] 

In addition, when the compound (I) of the present invention is left in the 
atmosphere, the compound (I) may absorb moisture or water is adsorbed thereto to 
form a hydrate, and the present invention encompasses such salts. 



2004-002902 



[0033] 

Further, the compound (I) of the present invention may absorb certain kinds 
of solvent to form a solvate, and the present invention encompasses such salts. 
[0034] 

The compound of the above formula (I) has stereoisomers containing some 
asymmetric carbons in its molecule with S-configuration or R-configuration, and the 
present invention encompasses each of them and a mixture thereof. 
[Advantages of the Invention] 
[0035] 

The right-side glucose lipid A analogue of the present invention exhibits 
excellent macrophage activity inhibitory action and is useful as an anti-inflammatory 
agent, an anti-autoimmune disease agent, an immunosuppressive agent, an antiseptic 
agent or a prognosis-improving agent after coronary artery bypass surgery. 
[Best Mode for Carrying Out the Invention] 
[0036] 

The compound of the formula (I) of the present invention can be produced by 
the following method using a known compound (II) as a starting material. 
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[0038] 
[Formula 3] 




[0039] 
[Formula 4] 



"NHCOCF3 
OH (XIX) 



Bal 




"''NHCOCF3 Ba2 

OR" (XX) 




'''NHR 1 

OR 2a (XXI 1 1) 

OSi(R 10 )(R 11 )(R 12 ) 

HO x,,> Y^"'"NHR 1 
OR 2a (XXV) 




HCf '''NHR 1 

or 23 (xxiV) 

OSi(R 10 )(R 11 )(R 12 ) OH 

,0. ^0^^\ ..^ OH 



R i3 0 sv y '"'NHR 1 

OR 2a (XXVI) 



~R T3 CT Y '" /NHr1 

OR 2a (XXVII) 
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[0040] 
[Formula 5] 



Bb1 > R 13 %^\ 
(XXVIII) 0R ( XXIX ) 



[0041] 
[Formula 6] 




[0042] 
[Formula 7] 




2004-002902 



18 



[0047] 

[Formula 12] 
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[0049] 

[Formula 14] 



OR 5b 
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[0050] 

[Formula 15] 



(R 9 0) 2 (0)PO vV% ' 



,OC(NH)CC! 3 





Q-P(0)(OR 15 ) 2 



Ccl 



(XXXIII), (XXXVIII), (XLIII), 
(XLIX), (LID, (LVD 

Q-P(0)(OR 15 ) 2 



Cc2 , 



''WR 1 

(LXI) 



Q-P(0)(OH) 2 
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[0051] 

[Formula 16] 




[0052] 

In the above steps, Q, R 1 , R 2 , R 3 , R 4 , R 5 and W have the same meaning as 
described above. 
[0053] 

R 2a has the same meaning as defined in R 2 , except for the hydrogen atom. 
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[0054] 

R 4a is a p-methoxybenzyl group. 

[0055] 

R 4b is a d-Cn alkyl group, a Cj-Cn alkenyl group or a C 2 -Ci 7 alkynyl group. 

[0056] 

R 5a has the same meaning as defined in R 5 , except for the non-protected 
hydroxyl group. 
[0057] 

R 5b is a protective group of a hydroxyl group, preferably a benzyloxycarbonyl 
group or an allyloxycarbonyl group. 
[0058] 

R 6 , R 7 , R 8 , R 10 , R 11 and R 12 , which may be the same or different, represent a 
Ci-C 4 alkyl group or a C6-C10 aryl group. 
[0059] 

R 9 and R 15 , which may be the same or different, represent an allyl group, a 
Ce-Cio aryl group which may be substituted or a C7-C11 aralkyl group which may be 
substituted, preferably an allyl group, a phenyl group or a benzyl group. 
[0060] 

R 13 represents an allyloxycarbonyl group. 

[0061] 

R 14 represents a tri(Ci-C 6 alkyl)silyl group. 

[0062] 

R 16 represents a Ci-C 6 alkyl group. 

[0063] 

The processes of producing the compound (I) of the present invention include 
processes A to C. 
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(1) The process A is a process for producing an intermediate (XlVa) or 
(XVIII). 

(2) The process B is a process for producing an intermediate (XXVII), 

(xxix), (xxxni), (xxxv), (xxxvm), (xnn), (xlix), (lii) or (lvi). 

(3) The process C is a process for producing the target compound (la), (lb), (I) 
or (Ic) by condensing the intermediate which can be produced by the process A and 
the intermediate which can be produced by the process B. 

[0064] 

In the following, each step is described. 

[0065] 

(1) Process A 
(1-1) Process a 

This process produces an intermediate (XlVa) used for producing a 
compound (I) in which R 5 is a group other than a hydrogen atom. 
(Step Aal) 

This step is for producing a compound (III) in which the hydroxyl group at 
position 3 of a diacetone-D-glucose compound (II) is alkylated (including 
introduction of an alkenyl group or an alkynyl group; the same definition applies in 
the following description of the production steps) or acylated. The alkylation is 
accomplished by the following method (a) and the acylation is accomplished by the 
following method (b). 
[0066] 

(a) Alkylation 

This step is accomplished by reacting the compound (II) with an alkylating 
agent in an inert solvent in the presence of a base. 
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[0067] 

Examples of solvents to be used include ethers such as dioxane and 
tetrahydrofuran; amides such as formamide and dimethylformamide; and 
halogenated hydrocarbons such as dichloromethane. The solvent is preferably 
dimethylformamide. 
[0068] 

Examples of bases to be used include alkali metal hydroxides such as sodium 
hydroxide and potassium hydroxide; alkyllithiums such as n-butyllithium and t- 
butyllithium; and alkali metal hydrides such as potassium hydride and sodium 
hydride. The base is preferably sodium hydride. 
[0069] 

Examples of alkylating agents to be used include halogenated hydrocarbons 
and sulfonic esters, and the alkylating agent is preferably bromide (R 4 Br), iodide 
(R 4 I) or methanesulfonic acid ester (R 4 OS0 2 Me). 
[0070] 

The reaction is performed at a reaction temperature of generally 0°C to 100°C, 
preferably 20°C to 60°C. 
[0071] 

The reaction time varies depending on the reaction temperature, starting 
materials, reagents or solvents to be used, and is generally 20 minutes to 48 hours, 
preferably 2 to 24 hours. 
[0072] 

After completion of the reaction, the target compound of the reaction is 
collected from the reaction mixture by a conventional method. For example, the 
target compound can be obtained by neutralizing the reaction mixture, then 
concentrating the mixture, adding an organic solvent immiscible with water such as 
ethyl acetate thereto, and after washing with water, separating the organic layer 
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containing the target compound, drying the same over anhydrous magnesium sulfate 

or the like, and removing the solvent. 

[0073] 

The obtained compound may be further purified by a conventional method 
such as recrystallization or silica gel chromatography, if necessary. 
[0074] 

(b) Acylation 

This step is accomplished by reacting a compound (II) with an acylating agent 
such as carboxylic acid or acid chloride in an inert solvent in the presence or absence 
of a condensing agent and a base. 
[0075] 

Examples of solvents to be used include ethers such as tetrahydrofuran and 
dioxane; halogenated hydrocarbons such as methylene chloride, chloroform and 
carbon tetrachloride; and amides such as N,N-dimethylformamide. The solvent is 
preferably methylene chloride. 
[0076] 

Examples of condensing agents used in the reaction with carboxylic acid 
include carbodiimides such as 1,3-dicyclohexylcarbodiimide, 1,3- 
diisopropylcarbodiimide and l-[3-(dimethylamino)propyl]-3-ethylcarbodiimide 
hydrochloride (WSCI). The condensing agent is preferably 1,3- 
dicyclohexylcarbodiimide or WSCI. 
[0077] 

Examples of bases used in the reaction with acid chloride include organic 
bases such as pyridine, dimethylaminopyridine and triethylamine. The base is 
preferably 4-dimethylaminopyridine or triethylamine. 
[0078] 
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Examples of acylating agents to be used include carboxylic acid represented 
by the formula R 2 OH or acid chloride represented by the formula R 4 C1 (wherein R 4 
represents an alkanoyl group, an alkenoyl group or an alkynoyl group in the 
definition of R 4 ). When the acylating agent contains a hydroxyl group or an oxo 
group, those groups may be protected, and for example, the oxo group is protected to 
form a ketal group. 
[0079] 

The reaction temperature is generally 0°C to 100°C, preferably 15°C to 25°C 
(room temperature). 
[0080] 

The reaction time is generally 20 minutes to 24 hours, preferably 1 to 5 hours. 

[0081] 

After completion of the reaction, the target compound of the reaction is 
collected from the reaction mixture by a conventional method. For example, the 
target compound can be obtained by filtrating the reaction mixture, adding an organic 
solvent immiscible with water such as ethyl acetate thereto, and after washing with 
water, separating the organic layer containing the target compound, drying the same 
over anhydrous magnesium sulfate or the like, and removing the solvent. 
[0082] 

The obtained compound may be further purified by a conventional method 
such as recrystallization or silica gel chromatography, if necessary. 
[0083] 
(Step Aa2) 

This step is for obtaining a compound (TV) by heating the compound (III) in 
an allyl alcohol solvent in the presence of hydrochloric acid gas. 
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[0084] 

The reaction is generally performed at room temperature to heating reflux 
temperature of the solvent, preferably room temperature to 80°C. 
[0085] 

The reaction time is generally 20 minutes to 24 hours, preferably 30 minutes 
to 5 hours. 
[0086] 
(Step Aa3) 

This step is for obtaining a compound (V) by bridging isopropylidene to the 
hydroxyl groups at positions 4 and 6 of the compound (IV). The step is 
accomplished by reacting the compound (IV) with 2,2-dimethoxypropane in an inert 
solvent in the presence of an acid catalyst. 
[0087] 

Examples of solvents to be used include amides such as dimethylformamide. 

[0088] 

Examples of acid catalysts to be used include p-toluenesulfonic acid and 
camphorsulfonic acid. 
[0089] 

The reaction temperature is generally room temperature to 50°C. 

[0090] 

The reaction time is generally 20 minutes to 24 hours. 

[0091] 

After completion of the reaction, the target compound (V) of the reaction is 
collected from the reaction mixture by a conventional method. For example, the 
target compound can be obtained by concentrating the reaction mixture, adding an 
organic solvent immiscible with water such as ethyl acetate thereto, and after 
washing with water, separating the organic layer containing the target compound, 
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drying the same over anhydrous magnesium sulfate or the like, and removing the 

solvent. 

[0092] 

The obtained compound may be further purified by a conventional method 
such as recrystallization or silica gel chromatography, if necessary. 
[0093] 
(Step Aa4) 

This step is for producing a compound (VI) by converting the double bond in 
the allyl group of the compound (V) to an enol ether form. The step is accomplished 
by reacting the compound (V) with a base or an iridium complex in an inert solvent. 
[0094] 

Examples of solvents to be used include ethers such as tetrahydrofuran and 
dioxane; and sulfoxides such as dimethyl sulfoxide. When a base is used, the solvent 
is preferably dimethyl sulfoxide, and when an iridium complex is used, the solvent is 
preferably tetrahydrofuran. 
[0095] 

Examples of bases to be used include alkali metal alkoxides such as 
potassium tert-butoxide, sodium methoxide, sodium ethoxide. The base is preferably 
potassium tert-butoxide. 
[0096] 

Examples of iridium complexes to be used include (1,5- 
cyclooctadiene)bis(methyldiphenylphosphine)iridium(I)hexafluorophosphate. 

[0097] 

The reaction temperature is generally room temperature to heating reflux 
temperature of the solvent in the case of using a base, and is generally 0°C to 80°C, 
preferably room temperature in the case of using an iridium complex. 
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[0098] 

The reaction time is generally 1 hour to 24 hours, preferably 16 hours in the 
case of using a base. 
[0099] 

After completion of the reaction, the target compound (VI) of the reaction is 
collected from the reaction mixture by a conventional method. For example, the 
target compound can be obtained by concentrating the reaction mixture, adding an 
organic solvent immiscible with water such as ethyl acetate thereto, and after 
washing with water, separating the organic layer containing the target compound, 
drying the same over anhydrous magnesium sulfate or the like, and removing the 
solvent. 
[0100] 

The obtained compound may be further purified by a conventional method 
such as recrystallization or silica gel chromatography, if necessary. 
[0101] 
(Step Aa5) 

This step is for obtaining a compound (VII) by alkylating or acylating the 
hydroxyl group at position 2 of the compound (VI). The step is accomplished by 
performing the reaction under the same conditions as in Step Aal. 
[0102] 
(Step Aa6) 

This step is for producing a compound (VIII) by deprotection of 
isopropylidene bridged to the hydroxyl groups at positions 4 and 6 of the compound 
(VII). The step is accomplished by reacting the compound (VII) with an acid 
catalyst or NBS in an 80% aqueous acetic acid solution or an alcohol solvent. 
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[0103] 

Examples of solvents to be used include alcohols such as methanol and 
ethanol. 
[0104] 

Examples of acid catalysts to be used include organic acids such as p- 
toluenesulfonic acid and camphorsulfonic acid; and inorganic acids such as 
hydrochloric acid and sulfuric acid. 
[0105] 

The reaction temperature is generally room temperature to 100°C in the 
aqueous acetic acid solvent, and is generally 0°C to 50°C, preferably room 
temperature in alcohol. 
[0106] 

The reaction time is generally 6 minutes to 24 hours, preferably 6 minutes to 3 

hours. 
[0107] 

After completion of the reaction, the target compound (VIII) of the reaction is 
collected from the reaction mixture by a conventional method. For example, the 
target compound can be obtained by concentrating the reaction mixture, adding an 
organic solvent immiscible with water such as ethyl acetate thereto, and after 
washing with water, separating the organic layer containing the target compound, 
drying the same over anhydrous magnesium sulfate or the like, and removing the 
solvent. 
[0108] 

The obtained compound may be further purified by a conventional method 
such as recrystallization or silica gel chromatography, if necessary. 
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[0109] 
(Step Aa7) 

This step is for producing a compound (IX) by protecting the primary 
hydroxyl group of the diol, which is the compound (VIE), by a silyl group. The step 
is accomplished by reacting the compound (VIII) with a silylating agent in an inert 
solvent in the presence of a base. 
[0110] 

Examples of solvents to be used include ethers such as tetrahydrofuran and 
dioxane; and halogenated hydrocarbons such as methylene chloride, chloroform and 
carbon tetrachloride. The solvent is preferably methylene chloride or tetrahydrofuran. 
[0111] 

Examples of bases to be used include organic bases such as pyridine, 
dimethylaminopyridine and triethylamine. 
[0112] 

Examples of silylating agent to be used include trialkylsilyl halide groups 
such as a tert-butyldimethylsilyl chloride group. 
[0113] 

The reaction temperature is generally 0°C to 80°C, preferably room 
temperature. 
[0114] 

The reaction time is generally 6 minutes to 24 hours. 

[0115] 

After completion of the reaction, the target compound (IX) of the reaction is 
collected from the reaction mixture by a conventional method. For example, the 
target compound can be obtained by concentrating the reaction mixture, adding an 
organic solvent immiscible with water such as ethyl acetate thereto, and after 
washing with water, separating the organic layer containing the target compound, 
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drying the same over anhydrous magnesium sulfate or the like, and removing the 

solvent. 

[0116] 

The obtained compound may be further purified by a conventional method 
such as recrystallization or silica gel chromatography, if necessary. 
[0117] 
(Step Aa8) 

This step is for producing a compound (X) by converting the compound (IX) 
to its phosphite and oxidizing the same. The step is accomplished by reacting the 
compound (IX) with diisopropylphosphoramidite in an inert solvent in the presence 
of lH-tetrazole, which is a weak acid, and allowing the resultant to react with an 
oxidant in an inert solvent. 
[0118] 

Examples of solvents to be used include ethers such as tetrahydrofuran and 
dioxane; and halogenated hydrocarbons such as methylene chloride, chloroform, 
carbon tetrachloride, dichloroethane and chlorobenzene. 
[0119] 

Examples of oxidants to be used include peroxides such as hydrogen peroxide, 
m-chloroperbenzoic acid and OXONE® (potassium peroxymonosulfate). 
[0120] 

The reaction temperature is generally 0°C to 100°C, preferably room 
temperature. 
[0121] 

The reaction time is generally, 6 minutes to 24 hours. 

[0122] 

After completion of the reaction, the target compound (X) of the reaction is 
collected from the reaction mixture by a conventional method. For example, the 



2004-002902 



target compound can be obtained by concentrating the reaction mixture, adding an 
organic solvent immiscible with water such as ethyl acetate thereto, and after 
washing with water, separating the organic layer containing the target compound, 
drying the same over anhydrous magnesium sulfate or the like, and removing the 
solvent. 
[0123] 

The obtained compound may be further purified by a conventional method 
such as recrystallization or silica gel chromatography, if necessary. 
[0124] 
(Step Aa9) 

This step is for producing a compound (XI), which is primary alcohol, by 
deprotection of the silyl protective group in the compound (X). The step is 
accomplished by reacting the compound (X) with an acid catalyst in an inert solvent. 
[0125] 

Examples of solvents to be used include ethers such as tetrahydrofuran and 
dioxane; nitriles such as acetonitrile; and halogenated hydrocarbons such as 
methylene chloride, chloroform, carbon tetrachloride, dichloroethane and 
chlorobenzene. 
[0126] 

Examples of acid catalysts to be used include inorganic acids such as 
hydrochloric acid and hydrofluoric acid; and organic acids such as p-toluenesulfonic 
acid. 
[0127] 

The reaction temperature is generally 20°C to 50°C, preferably room 
temperature. 
[0128] 

The reaction time is generally 6 minutes to 2 hours, preferably 15 minutes. 
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[0129] 

After completion of the reaction, the target compound (XI) of the reaction is 
collected from the reaction mixture by a conventional method. For example, the 
target compound can be obtained by concentrating the reaction mixture, adding an 
organic solvent immiscible with water such as ethyl acetate thereto, and after 
washing with water, separating the organic layer containing the target compound, 
drying the same over anhydrous magnesium sulfate or the like, and removing the 
solvent. 
[0130] 

The obtained compound may be further purified by a conventional method 
such as recrystallization or silica gel chromatography, if necessary. 
[0131] 
(Step AalO) 

This step is for producing a compound (XII) which is obtained by converting 
the hydroxyl group at position 6 of the compound (XI). The step is accomplished by 
method 1) when R 5a is a Ci-C 6 alkoxy group which may have an oxo group, a C 2 -C 6 
alkenyloxy group which may have an oxo group, or a Cr-Ce alkynyloxy group which 
may have an oxo group, by method 2) particularly when R 5a is a methoxy group, or 
by method 3) when R 5a is a halogen atom. 
[0132] 

1) When R 5a is a Ci-C 6 alkoxy group which may have an oxo group, a C 2 -C 6 
alkenyloxy group which may have an oxo group or a C 2 -C 6 alkynyloxy group which 
may have an oxo group: 

This step is accomplished by reacting the compound (XI) with an alkylating 
agent or the like in an inert solvent in the presence of a base or a silver oxide 
(H)(AgO). 
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[0133] 

The solvent to be used is not particularly limited as long as it does not inhibit 
the reaction and dissolves more than a certain amount of starting materials. 
Examples thereof include aliphatic hydrocarbons such as hexane, heptane and 
ligroin; aromatic hydrocarbons such as benzene, toluene and xylene; halogenated 
hydrocarbons such as methylene chloride, chloroform, carbon tetrachloride, 
dichloroethane and chlorobenzene; esters such as ethyl acetate, propyl acetate and 
diethyl carbonate; ethers such as diethyl ether, diisopropyl ether, tetrahydrofuran and 
dioxane; and nitriles such as acetonitrile and isobutyronitrile; and amides such as 
formamide, N,N- dimethylformamide and N,N-dimethylacetamide. The solvent is 
preferably an ether. 
[0134] 

Examples of bases to be used include alkali metal carbonates such as sodium 
carbonate and potassium carbonate; alkali metal hydrogen carbonates such as sodium 
hydrogen carbonate and potassium hydrogen carbonate; alkali metal hydrides such as 
sodium hydride and potassium hydride; and organic bases such as N- 
methylmorpholine, triethylamine, tributylamine, diisopropylethylamine, 
dicyclohexylamine, N-methylpiperizine, pyridine, picoline, 4-(N,N- 
dimethylamino)pyridine, 2,6-di(t-butyl)-4-methylpyridine, N,N-dimethylaniline, 
N,N-diethylaniline, l,5-diazabicyclo[4.3.0]nona-5-ene (DBN), 1,4-diazabicyclo 
[2.2.2]octane (DABCO) and l,8-diazabicyclo[5.4.0]undeca-7-ene (DBU). Preferred 
are organic bases and more preferred is DBN or DBU. 
[0135] 

Examples of alkylating agents to be used include the formula R 5a Z (wherein 
R 5a " has the same meaning as defined in the aforementioned R 5a except for the 
halogen atom, Z is an iodine atom, a bromine atom, a chlorine atom, a para- 
toluenesulfonyloxy group or a methanesulfonyloxy group). 
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• [0136] 

The reaction is performed at a reaction temperature of generally 0°C to 100°C, 
preferably 0°C to 30°C. 
[0137] 

The reaction time is generally 10 minutes to 24 hours, preferably 1 to 18 

hours. 
[0138] 

2) When R 5a is a methoxy group: 

This step is accomplished by reacting the compound (XI) with 
trimethyloxonium tetrafluoroborate in an inert solvent in the presence of a base. 
[0139] 

Examples of solvents to be used include ethers such as ether, dioxane and 
tetrahydrofuran; halogenated hydrocarbons such as methylene chloride, chloroform 
and carbon tetrachloride; and amides such as formamide, N,N-dimethylformamide 
and N,N-dimethylacetamide. The solvent is preferably methylene chloride. 
[0140] 

Preferred examples of bases to be used include 2,6-di-tert-butyl-4- 
methylpyridine. 
[0141] 

The reaction is performed at a reaction temperature of generally -50°C to 
100°C, preferably 0°C to 30°C. 
[0142] 

The reaction time is generally 1 to 24 hours, preferably 2 to 5 hours. 

[0143] 

After completion of the reaction, the target compound (XII) of the reaction is 
collected from the reaction mixture by a conventional method. For example, the 
target compound can be obtained by neutralizing the reaction mixture, then 
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concentrating the mixture, adding an organic solvent immiscible with water such as 
ethyl acetate thereto, and after washing with water, separating the organic layer 
containing the target compound, drying the same over anhydrous magnesium sulfate 
or the like, and removing the solvent. 
[0144] 

The obtained compound may be further purified by a conventional method 
such as recrystallization or silica gel chromatography, if necessary. 
[0145] 

3) When R 5a is a halogen atom: 
3-1) When R ia is a fluorine atom: 

This step is accomplished by reacting the compound (XI) with a fluorinating 
agent in an inert solvent. 
[0146] 

Examples of solvents to be used include halogenated hydrocarbons such as 
methylene chloride and fluorotrichloromethane; and ethers such as ether and 1,2- 
dimethoxyethane, and preferred is methylene chloride. 
[0147] 

Examples of fluorinating agents to be used include diethylaminosulfur 
trifluoride (DAST). 
[0148] 

The reaction is performed at a reaction temperature of generally -78°C to 
25°C, preferably 0°C to 25°C. 
[0149] 

The reaction time is generally 1 to 18 hours, preferably 1 to 5 hours. 
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[0150] 

3-2) When R 5a is a chlorine atom or a bromine atom: 

This step is accomplished by reacting the compound (XI) with phosphorus 
trichloride, phosphorus tribromide, phosphoryl trichloride, phosphoryl tribromide, 
thionyl chloride or thionyl bromide in an inert solvent. 
[0151] 

Preferred examples of solvents to be used include halogenated hydrocarbons 
such as methylene chloride, chloroform and carbon tetrachloride. 
[0152] 

The reaction is performed at a reaction temperature of generally -50°C to 
50°C, preferably -10°C to 30°C. 
[0153] 

The reaction time is generally 1 to 18 hours, preferably 1 to 5 hours. 

[0154] 

3-2) When R 5a is an iodine atom: 

This step is accomplished by reacting the compound (XI) with iodine and 
triphenyl phosphine in an inert solvent. 
[0155] 

The solvent to be used is not particularly limited as long as it does not inhibit 
the reaction and dissolves more than a certain amount of starting materials. 
Examples thereof include aliphatic hydrocarbons such as hexane, heptane and 
ligroin; aromatic hydrocarbons such as benzene, toluene and xylene; halogenated 
hydrocarbons such as methylene chloride, chloroform, carbon tetrachloride, 
dichloroethane and chlorobenzene; esters such as ethyl acetate, propyl acetate and 
diethyl carbonate; ethers such as diethyl ether, diisopropyl ether, tetrahydrofuran and 
dioxane; alcohols such as methanol and ethanol; and amides such as formamide, 
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N,N-dimethylformamide and N,N-dimethylacetamide. The solvent is preferably 

ether. 

[0156] 

The reaction is performed at a reaction temperature of generally -50°C to 
100°C, preferably 0°C to 30°C. 
[0157] 

The reaction time is generally 1 to 18 hours, preferably 1 to 5 hours. 

[0158] 

After completion of the reaction, the target compound (XII) of the reaction is 
collected from the reaction mixture by a conventional method. For example, the 
target compound can be obtained by neutralizing the reaction mixture, then 
concentrating the mixture, adding an organic solvent immiscible with water such as 
ethyl acetate thereto, and after washing with water, separating the organic layer 
containing the target compound, drying the same over anhydrous magnesium sulfate 
or the like, and removing the solvent. 
[0159] 

The obtained compound may be further purified by a conventional method 
such as recrystallization or silica gel chromatography, if necessary. 
[0160] 
(Step Aal 1) 

This step is for producing a compound (XIII) by deprotection of the protective 
group of the hydroxyl group at position 1 of the compound (XII). The step is 
accomplished by reacting the compound (XII) with an acid catalyst in an inert 
solvent. 
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[0161] 

Examples of solvents to be used include halogenated hydrocarbons such as 
methylene chloride, chloroform, carbon tetrachloride, dichloroethane, chlorobenzene 
and dichlorobenzene; and nitriles such as acetonitrile and isobutyronitrile. 
[0162] 

Examples of acid catalysts to be used include a 48% hydrofluoric acid 
aqueous solution. 
[0163] 

The reaction temperature is generally 0°C to 100°C, preferably room 
temperature. 
[0164] 

The reaction time is generally 6 minutes to 24 hours, preferably 16 hours. 

[0165] 
(Step Aal2) 

This step is for producing a trichloroacetimidate compound (XlVa). The step 
is accomplished by allowing trichloroacetonitrile to react with the hydroxyl group at 
position 1 of the compound (XIII) in an inert solvent in the presence of a base. 
[0166] 

Examples of solvents to be used include halogenated hydrocarbons such as 
methylene chloride, chloroform and carbon tetrachloride; ethers such as ether, 
dioxane and tetrahydrofuran; esters such as ethyl acetate; and nitriles such as 
acetonitrile. The solvent is preferably a halogenated hydrocarbon (methylene 
chloride). 
[0167] 

Examples of bases to be used include organic bases such as 1,8- 
diazabicyclo[5,4,0]-7-undecene (DBU); and inorganic bases such as sodium hydride, 
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potassium carbonate and cesium carbonate. The base is preferably DBU or cesium 

carbonate. 

[0168] 

The reaction is performed at a reaction temperature of generally -25°C to 
50°C, preferably 0°C to 25°C. 
[0169] 

The reaction time is generally 10 minutes to 24 hours, preferably 30 minutes 
to 2 hours. 
[0170] 

After completion of the reaction, the target compound (XlVa) of the reaction 
is collected from the reaction mixture by a conventional method. For example, the 
target compound can be obtained by neutralizing the reaction mixture, then 
concentrating the mixture, adding an organic solvent immiscible with water such as 
ethyl acetate thereto, and after washing with water, separating the organic layer 
containing the target compound, drying the same over anhydrous magnesium sulfate 
or the like, and removing the solvent. 
[0171] 

(1-2) Process b 

This process produces an intermediate (XVTfl) used for producing a 
compound (I) in which R 5 is a protected hydroxyl group. 
(Step Abl) 

This step is for producing a compound (XV) which is obtained by selectively 
protecting the hydroxyl group at position 6 of the compound (VIII) as desired. 
[0172] 

When an unsaturated bond is present in R 3 , R 4 and R 5b , an allyl group or an 
allyloxycarbonyl group removable without employing a reduction reaction is used. 
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When no unsaturated bond is present in R 3 , R 4 or R 5b , a protecting reaction may be 

immediately performed. 

[0173] 

This reaction is accomplished by reacting a protecting agent with the 
compound (VIII) in an inert solvent in the presence of a base. 
[0174] 

Examples of solvents to be used include halogenated hydrocarbons such as 
methylene chloride, chloroform and carbon tetrachloride; ethers such as ether, 
dioxane and tetrahydrofliran; and esters such as ethyl acetate. The solvent is 
preferably methylene chloride. 
[0175] 

Examples of bases to be used include organic bases such as pyridine, 
dimethylaminopyridine, triethylamine and N,N-dimethylaniline. The base is 
preferably pyridine. 
[0176] 

The protecting agent to be used may be those such that the hydroxyl group at 
position 6 can be restored by a deprotection reaction at a good yield. Examples 
thereof include alkyloxycarbonyl halides such as tert-butoxycarbonyl chloride, 
aralkyloxycarbonyl halides such as benzyloxycarbonyl chloride and 
alkenyloxycarbonyl halides such as allyloxycarbonyl chloride. When no unsaturated 
bond is present in R 3 , R 4 or R 5b , the protecting agent is preferably benzyloxycarbonyl 
chloride. When an unsaturated bond is present in R 3 , R 4 and R 5b , the protecting 
agent is preferably allyloxycarbonyl chloride. 
[0177] 

The reaction is performed at a reaction temperature of generally -50°C to 
50°C, preferably -10°C to 30°C. 
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[0178] 

The reaction time is generally 10 minutes to 24 hours, preferably 30 minutes 
to 5 hours. 
[0179] 

After completion of the reaction, the target compound (XV) of the reaction is 
collected from the reaction mixture by a conventional method. For example, the 
target compound can be obtained by neutralizing the reaction mixture, then 
concentrating the mixture, adding an organic solvent immiscible with water such as 
ethyl acetate thereto, and after washing with water, separating the organic layer 
containing the target compound, drying the same over anhydrous magnesium sulfate 
or the like, and removing the solvent. 
[0180] 

The obtained compound may be further purified by a conventional method 
such as recrystallization or silica gel chromatography, if necessary. 
[0181] 
(Step Ab2) 

This step is for producing a compound (XVI) by converting the compound 
(XV) to its phosphite and oxidizing the same. The step is accomplished by 
performing the reaction under the same conditions as in Step Aa8. 
[0182] 
(Step Ab3) 

This step is for producing a compound (XVII) by deprotection of the 
protective group of the hydroxyl group at position 1 of the compound (XVI). The 
step is accomplished by performing the reaction under the same conditions as in Step 
Aall. 
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[0183] 
(Step Ab4) 

This step is for producing a trichloroacetimidate compound (XVIII), and is 
accomplished by performing the reaction under the same conditions as in Step Aal2. 
[0184] 

(2) Process B 
(2-1) Process a 

This process produces an intermediate (XXVII) used for producing a 
compound (I) in which W is an NH group. 
[0185] 
(Step Bal) 

This step is for producing a compound (XX) which is obtained by alkylating 
or acylating the hydroxyl group at position 3 of the compound (XIX). The step is 
accomplished by performing the reaction under the same conditions as in Step Aal. 
[0186] 
(Step Ba2) 

This step is for producing a compound (XXI) by deprotecting position 2 of the 
compound (XX). 
[0187] 

The step is for deprotection by removing trifluoroacetamide at position 2 of 
the compound (XIX) in an inert solvent under an alkaline condition. 
[0188] 

Examples of solvents to be used include alcohols such as methanol and 
ethanol; ethers such as diethyl ether and tetrahydrofuran; and nitriles such as 
acetonitrile. The solvent is preferably an alcohol (ethanol). 
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[0189] 

Examples of alkali to be used include alkali metal hydrogen carbonates such 
as sodium hydrogen carbonate and potassium hydrogen carbonate; alkali metal 
hydroxides such as sodium hydroxide and potassium hydroxide; and alkali metal 
alkoxides such as sodium methoxide and sodium ethoxide. The alkali is preferably 
alkali metal hydroxide. 
[0190] 

The reaction temperature is generally 0°C to 100°C, preferably 25°C to the 
reflux temperature. 
[0191] 

The reaction time is generally 30 minutes to 24 hours, preferably 1 to 16 

hours. 
[0192] 
(Step Ba3) 

This step is for producing a compound (XXII) by amidating the amino group 
of the compound (XXI) with carboxylic acid, or acid halide or acid anhydride thereof. 
[0193] 

Examples of condensing agents used for the condensation reaction with 
carboxylic acid include carbodiimides such as DCC and WSCI. 
[0194] 

Examples of bases used for the amide forming reaction with acid halide 
include alkali metal carbonates such as sodium carbonate, potassium carbonate and 
lithium carbonate; alkali metal hydrogen carbonates such as sodium hydrogen 
carbonate, potassium hydrogen carbonate and lithium hydrogen carbonate; and 
organic bases such as pyridine, dimethylaminopyridine and triethylamine. 
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[0195] 

Examples of solvents used for the condensation reaction include halogenated 
hydrocarbons such as methylene chloride, chloroform, carbon tetrachloride, 
dichloroethane, chlorobenzene and dichlorobenzene; ethers such as diethyl ether, 
diisopropyl ether, tetrahydrofuran, dioxane, dimethoxyethane and diethylene glycol 
dimethyl ether; nitriles such as acetonitrile and isobutyronitrile; amides such as 
formamide, N,N-dimethylformamide, N,N-dimethylacetamide, N-methyl-2- 
pyrrolidone, N-methylpyrrolidinone and hexamethylphosphorotriamide; water; and 
mixed solvents thereof. 
[0196] 

The reaction time of the condensation reaction is generally 0°C to 100°C. 

[0197] 

The reaction temperature of the condensation reaction is generally 6 minutes 
to 24 hours. 
[0198] 
(Step Ba4) 

This step is for producing a compound (XXIII) by deprotection of 
isopropylidene bridged to the hydroxyl groups at positions 4 and 6 of the compound 
(XXII). The step is accomplished by performing the reaction under the same 
conditions as in Step Aa6. 
[0199] 
(Step Ba5) 

This step is for producing a compound (XXIV) by protecting the primary 
hydroxyl group of the diol, which is the compound (XXIII), by a silyl group. The 
step is accomplished by performing the reaction under the same conditions as in Step 
Aa7. 
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[0200] 
(Step Ba6) 

This step is for producing a compound (XXV) by converting the double bond 
in the allyl group of the compound (XXIV) to an enol ether form. The step is 
accomplished by performing the reaction under the same conditions as in Step Aa4. 
[0201] 
(Step Ba7) 

This step is for producing a compound (XXVI) by protecting the secondary 
hydroxyl group of the compound (XXV) by an allyloxycarbonyl group. The step is 
accomplished by reacting the compound (XXV) with a carbonating agent and further 
with alcohol in an inert solvent in the presence of a base. 
[0202] 

Examples of solvents to be used include ethers such as tetrahydrofuran and 
dioxane; aromatic hydrocarbons such as benzene, toluene and xylene; and 
halogenated hydrocarbons such as methylene chloride, chloroform, carbon 
tetrachloride, dichloroethane and chlorobenzene. 
[0203] 

Examples of bases to be used include organic bases such as pyridine, 
dimethylaminopyridine and triethylamine. 
[0204] 

Examples of carbonating agents to be used include triphosgene. 

[0205] 

Examples of alcohols to be used include allyl alcohol. 

[0206] 

The reaction temperature is generally -20°C to 50°C, preferably 0°C. 
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[0207] 

The reaction time after addition of the carbonating agent and before addition 
of alcohol is generally 10 minutes to 1 hour, preferably 10 minutes. The reaction 
time after addition of alcohol is generally 10 minutes to 1 hour, preferably 1 hour. 
[0208] 

After completion of the reaction, the target compound (XXVI) of the reaction 
is collected from the reaction mixture by a conventional method. For example, the 
target compound can be obtained by concentrating the reaction mixture, adding an 
organic solvent immiscible with water such as ethyl acetate thereto, and after 
washing with water, separating the organic layer containing the target compound, 
drying the same over anhydrous magnesium sulfate or the like, and removing the 
solvent. 
[0209] 

The obtained compound may be further purified by a conventional method 
such as recrystallization or silica gel chromatography, if necessary. 
[0210] 
(Step Ba8) 

This step is for producing a compound (XXVII) by deprotection of the 
protective group of the hydroxyl group at position 1 of the compound (XXVI). The 
step is accomplished by performing the reaction under the same conditions as in Step 
Aall. 
[0211] 

(2-2) Process b 

This process produces an intermediate (XXXIII) used for producing a 
compound (I) in which W is an oxygen atom. 
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[0212] 
(StepBbl) 

This step is for producing a compound (XXIX), which is primary alcohol, by 
deprotection of the silyl protective group of the compound (XXVIII) and 
simultaneous deprotection by removing enol ether at the anomeric position. The step 
is accomplished by employing reaction conditions harsher than those in Step Aa9, for 
example, by extending the reaction time. 
[0213] 

The reaction time is generally 4 hours to 24 hours, preferably 10 hours to 16 

hours. 
[0214] 

After completion of the reaction, the target compound (XXIX) of the reaction 
is collected from the reaction mixture by a conventional method. For example, the 
target compound can be obtained by concentrating the reaction mixture, adding an 
organic solvent immiscible with water such as ethyl acetate thereto, and after 
washing with water, separating the organic layer containing the target compound, 
drying the same over anhydrous magnesium sulfate or the like, and removing the 
solvent. 
[0215] 

The obtained compound may be further purified by a conventional method 
such as recrystallization or silica gel chromatography, if necessary. 
[0216] 

(2-3) Process c 

This process produces an intermediate (XXXIX) used for producing a 
compound (I) in which W is an oxygen atom and Q is a group represented by 
-OCH 2 CH 2 0-. 



2004-002902 



[0217] 
(Step Bel) 

This step is for producing a compound (XXXI) by oxidizing the allyl double 
bond of the compound (XXX) to form aldehyde followed by reduction. The step is 
accomplished by reacting the compound (XXX) with an oxidant in an inert solvent 
and further with a reducing agent in an inert solvent. 
[0218] 

Examples of solvents to be used in the oxidation include a mixed solvent of 
ethers such as tetrahydrofuran or dioxane with water, and examples thereof in the 
reduction include alcohols such as methanol and ethanol. 
[0219] 

Examples of oxidants to be used include combination of osmium tetroxide 
and sodium periodate. 
[0220] 

Examples of reducing agents to be used include metal hydrides such as 
lithium aluminium hydride and sodium borohydride. The reducing agent is 
preferably sodium borohydride. 
[0221] 

The reaction temperature is generally 0°C to 50°C, preferably room 
temperature. 
[0222] 

The reaction time is generally 6 minutes to 24 hours. 

[0223] 

After completion of the reaction, the target compound (XXXI) of the reaction 
is collected from the reaction mixture by a conventional method. For example, the 
target compound can be obtained by concentrating the reaction mixture, adding an 
organic solvent immiscible with water such as ethyl acetate thereto, and after 
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washing with water, separating the organic layer containing the target compound, 
drying the same over anhydrous magnesium sulfate or the like, and removing the 
solvent. 
[0224] 

The obtained compound may be further purified by a conventional method 
such as recrystallization or silica gel chromatography, if necessary. 
[0225] 
(Step Bc2) 

This step is for producing a compound (XXXII) by converting the compound 

(XXXI) to its phosphite and oxidizing the same. The step is accomplished by 
performing the reaction under the same conditions as in Step Aa8. 

[0226] 
(Step Bc3) 

This step is for producing a compound (XXXIII) by deprotection of 
isopropylidene bridged to the hydroxyl groups at positions 4 and 6 of the compound 

(XXXII) . The step is accomplished by performing the reaction under the same 
conditions as in Step Aa6. 

[0227] 

(2-4) Process d 

This process produces a compound (XXXV) in which W is an oxygen atom 
and the hydroxyl groups at positions 2 and 3 are protected by an identical protective 
group. 
[0228] 
(Step Bdl) 

This step is for obtaining a compound (XXXV) by alkylating or acylating two 
hydroxyl groups of a known compound (XXXIV). The step is accomplished by 
performing the reaction under conditions similar to those in Step Aal. 



2004-002902 



52 



[0229] 

(2-5) Process e 

This process produces an intermediate (XXXVIII) used for producing a 
compound (I) in which W is an oxygen atom and Q is a group represented by 
-OCH 2 CH 2 -. 
[0230] 
(Step Bel) 

This step is for producing a compound (XXXVI) by converting the primary 
hydroxyl group of the compound (XXXI) to a bromine atom. The step can be 
accomplished by reacting the compound (XXXI) with carbon tetrabromide- 
triphenylphosphine in an inert solvent. 
[0231] 

Examples of solvents to be used include halogenated hydrocarbons such as 
methylene chloride and chloroform; ethers such as tetrahydrofbran; and aromatic 
hydrocarbons such as benzene. 
[0232] 

The reaction temperature is generally 0°C to the heating reflux temperature of 
the solvent, preferably room temperature. 
[0233] 

The reaction time is generally 6 minutes to 16 hours, preferably 1 hour to 3 

hours. 
[0234] 

After completion of the reaction, the target compound (XXXVI) of the 
reaction is collected from the reaction mixture by a conventional method. For 
example, the target compound can be obtained by neutralizing the reaction mixture, 
then concentrating the mixture, adding an organic solvent immiscible with water 
such as ethyl acetate thereto, and after washing with water, separating the organic 
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layer containing the target compound, drying the same over anhydrous magnesium 

sulfate or the like, and removing the solvent. 

[0235] 

The obtained compound (XXXVI) may be further purified by a conventional 
method such as recrystallization or silica gel chromatography, if necessary. 
[0236] 
(Step Be2) 

This step is for producing diallyl phosphate (XXXVII) by allowing a bromine 
atom in the compound (XXXVI) to react with triallyl phosphite. The step is 
generally performed neat. 
[0237] 

The reaction temperature is generally 150°C to 200°C. 

[0238] 
(Step Be3) 

This step is for preparing diol (XXXVIII) by deprotection of the protective 
group of the hydroxyl groups at positions 4 and 6 of the compound (XXXVII). The 
step is accomplished by reacting the compound (XXXVII) with acid in an inert 
solvent. 
[0239] 

Examples of solvents to be used include alcohols such as methanol and 
ethanol; and an aqueous acetic acid solution (e.g., an 80% aqueous acetic acid 
solution). 
[0240] 

Examples of acids to be used include organic acids such as acetic acid and p- 
toluenesulfonic acid; and inorganic acids such as hydrogen chloride. 
[0241] 

The reaction temperature is generally 50°C to 80°C. 
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[0242] 

The reaction time is generally 1 hour to 6 hours. 

[0243] 

(2-6) Process f 

This process produces an intermediate (XLIII) used for producing a 
compound (I) in which W is an oxygen atom and Q is a group represented by 
-CH2CH2O-. 
[0244] 
(Step Bfl) 

This step is for obtaining a compound (XL) by alkylating or acylating the 
hydroxyl groups at positions 2 and 3 of the compound (XXXIX). The step is 
accomplished by performing the reaction under conditions similar to those in Step 
Aa5. 
[0245] 
(Step Bf2) 

This step is for producing a compound (XLI) by oxidizing the allyl double 
bond of the compound (XL) to form aldehyde followed by reduction. The step is 
accomplished by performing the reaction under the same conditions as in Step Bel. 
[0246] 
(Step Bf3) 

This step is for producing a compound (XLII) by converting the compound 
(XLI) to phosphite and oxidizing the same. The step is accomplished by performing 
the reaction under the same conditions as in Step Aa8. 
[0247] 
(Step Bf4) 

This step is for producing a compound (XLIII) by deprotection of 
isopropylidene bridged to the hydroxyl groups at positions 4 and 6 of the compound 
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(XLII). The step is accomplished by performing the reaction under the same 

conditions as in Step Aa6. 

[0248] 

(2-7) Process g 

This process produces an intermediate (XLIX) used for producing a 
compound (I) in which W is an oxygen atom and Q is a group represented by 
-CH2O-. 
[0249] 
(StepBgl) 

The step is for obtaining a compound (XLV) by removing four benzyl groups 
of a known compound (XLIV) and bridging isopropylidene to the hydroxyl groups at 
positions 4 and 6. The step for removing benzyl groups is accomplished by a usual 
hydrogenation reaction, and the step for bridging isopropylidene is accomplished by 
performing the reaction under the same conditions as in Step Aa3. 
[0250] 
(Step Bg2) 

This step is for obtaining a compound (LV) by (a) alkylating or acylating two 
hydroxyl groups of the compound (XLV), (b) then oxidatively opening the furan ring, 
and (c) esterifying the generated carboxyl group. 
[0251] 

(a) The alkylation or acylation step is accomplished by performing the 
reaction under the same conditions as in Step Bdl. 

[0252] 

(b) The ring opening step of the furan ring is accomplished by allowing the 
furan compound to react with sodium periodate in an inert solvent. 
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[0253] 

Examples of solvents to be used include halogenated hydrocarbons such as 
methylene chloride, chloroform and carbon tetrachloride; nitriles such as acetonitrile; 
water; and a mixed solvent thereof. The solvent is preferably a mixed solvent of 
carbon tetrachloride, acetonitrile and water. 
[0254] 

The reaction temperature is generally 0°C to 100°C, preferably 40°C to 80°C. 

[0255] 

The reaction time is generally 2 hours to 20 hours, preferably 10 hours to 15 

hours. 
[0256] 

(c) The esterification step can be accomplished by a conventional method. 
Specifically, in the case of methyl esterification, the step is accomplished by 
allowing a carboxylic acid compound to react with diazomethane or 
trimethylsilyldiazomethane in an inert solvent. 
[0257] 

Examples of solvents to be used include ethers such as ether and 
tetrahydrofuran. 
[0258] 

The reaction temperature is generally 0°C to room temperature. 

[0259] 
(Step Bg3) 

This step is for obtaining a compound (XL VII) by reducing the ester group of 
the compound (XL VI). The step is accomplished by reacting the compound (XL VI) 
with a reducing agent in an inert solvent. 



2004-002902 



[0260] 

Examples of solvents to be used include alcohols such as methanol and 
ethanol; and ethers such as diethyl ether and tetrahydrofuran. 
[0261] 

Examples of reducing agents to be used include metal hydrides such as 
lithium aluminium hydride and sodium borohydride. The reducing agent is 
preferably lithium aluminium hydride. 
[0262] 

The reaction temperature is generally 0°C to 50°C, preferably room 
temperature. 
[0263] 

The reaction time is generally 6 minutes to 24 hours. 

[0264] 

After completion of the reaction, the target compound (XL VII) of the reaction 
is collected from the reaction mixture by a conventional method. For example, the 
target compound can be obtained by concentrating the reaction mixture, adding an 
organic solvent immiscible with water such as ethyl acetate thereto, and after 
washing with water, separating the organic layer containing the target compound, 
drying the same over anhydrous magnesium sulfate or the like, and removing the 
solvent. 
[0265] 

The obtained compound may be further purified by a conventional method 
such as recrystallization or silica gel chromatography, if necessary. 
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[0266] 
(StepBg4) 

This step is for producing a compound (XL VIII) by converting the compound 
(XL VII) to its phosphite and oxidizing the same. The step is accomplished by 
performing the reaction under the same conditions as in Step Aa8. 
[0267] 
(Step Bg5) 

This step is for producing a compound (XLIX) by deprotection of 
isopropylidene bridged to the hydroxyl groups at positions 4 and 6 of the compound 
(XL VIII). The step is accomplished by performing the reaction under the same 
conditions as in Step Aa6. 
[0268] 

(2-8) Process h 

This process produces an intermediate (LII) used for producing a compound 
(I) in which W is an oxygen atom and Q is a group represented by -0(CH 2 )30-. 
[0269] 
(StepBhl) 

This step is for producing a compound (L) by oxidizing the allyl double bond 
of the compound (XXX) to form aldehyde followed by reduction. The step is 
accomplished by performing the reaction under the same conditions as in Step Bel. 
[0270] 
(Step Bh2) 

This step is for producing a compound (LI) by converting the compound (L) 
to its phosphite and oxidizing the same. The step is accomplished by performing the 
reaction under the same conditions as in Step Aa8. 
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[0271] 
(Step Bh3) 

This step is for producing a compound (LII) by deprotection of isopropylidene 
bridged to the hydroxyl groups at positions 4 and 6 of the compound (LI). The step 
is accomplished by performing the reaction under the same conditions as in Step Aa6. 
[0272] 

(2-9) Process i 

This process produces an intermediate (LVI) used for producing a compound 
(I) in which W is an oxygen atom and Q is a group represented by -OCH 2 CH 2 0-. 
[0273] 
(Step Bil) 

This step is for producing a compound (LIV) by oxidizing the allyl double 
bond of the compound (LIII) to form aldehyde followed by reduction. The step is 
accomplished by performing the reaction under the same conditions as in Step Bel. 
[0274] 
(Step Bi2) 

This step is for producing a compound (LV) by converting the compound 
(LIV) to its phosphite and oxidizing the same. The step is accomplished by 
performing the reaction under the same conditions as in Step Aa8. 
[0275] 
(Step Bi3) 

This step is for producing a compound (LVI) by protecting the secondary 
hydroxyl group of the compound (LV) by an acyl group. The step is accomplished 
by performing the reaction under the same conditions as in Step Bal(b) and further 
by deprotection of the isopropylidene group at positions 4 and 6 under acid 
conditions under the same conditions as in Step Aa6. 
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[0276] 

(3) Process C 
(3-1) Process a 

This process produces a compound (la) of the present invention in which Q is 
an oxygen atom. 
[0277] 
(Step Cal) 

This step is for producing a compound (LVII) by subjecting the compound 
(XXVII) or (XXIX) to a glycosylation reaction with the aforementioned compound 
(XIV). The step is performed in an inert solvent in the presence of a catalyst. 
[0278] 

Examples of solvents to be used include halogenated hydrocarbons such as 
methylene chloride and chloroform. 
[0279] 

Examples of catalysts to be used include Lewis acids such as tin tetrachloride, 
trifluoroboron/etherate, aluminium chloride, ferric chloride, trimethylsilyl triflate and 
silver triflate; and molecular sieves 4A. 
[0280] 

The reaction temperature is generally -50°C to 40°C. 

[0281] 

The reaction time is generally 1 hour to 24 hours, preferably 4 hours. 

[0282] 

After completion of the reaction, the target compound (LVII) of the reaction 
is collected from the reaction mixture by a conventional method. For example, the 
target compound can be obtained by neutralizing the reaction mixture, then 
concentrating the mixture, adding an organic solvent immiscible with water such as 
ethyl acetate thereto, and after washing with water, separating the organic layer 
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containing the target compound, drying the same over anhydrous magnesium sulfate 

or the like, and removing the solvent. 

[0283] 

The obtained compound (LVII) may be further purified by a conventional 
method such as recrystallization or silica gel chromatography, if necessary. 
[0284] 
(Step Ca2) 

This step is for producing a compound (LXIII) by converting the compound 
(LVII) to its phosphite and oxidizing the same. The step is accomplished by 
performing the reaction under the same conditions as in Step Aa8. 
[0285] 
(Step Ca3) 

This step is for producing a compound (la) of the present invention by 
deprotection of the protective group of the compound (LVIII) (the protective group is 
preferably an allyl group or an allyloxycarbonyl group when R 1 , R 2 , R 3 and R 4 
contain a double bond). The step is accomplished by the method described in a 
literature (e.g., T. W. Greene, Protective Groups in Organic Synthesis) or by the 
following method. In addition, when plural kinds of protective groups are present in 
the compound (LXVI), the step can be accordingly performed by combining methods 
appropriate for the protective groups. 
[0286] 

1) When the protective group is an aralkyl group and R 1 , R 2 , R 3 and R 4 
contain no double bond, deprotection can be performed by hydrogenolysis in an inert 
solvent in the presence of a catalyst under a hydrogen atmosphere. 
[0287] 

Examples of solvents to be used include ethers such as tetrahydrofuran, 
dioxane and ether; and esters such as ethyl acetate; alcohols such as methanol and 
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ethanol; and organic acids such as formic acid and acetic acid. The solvent is 

preferably ethanol. 

[0288] 

Examples of catalysts to be used include palladium/carbon, palladium 
hydroxide, palladium hydroxide/carbon and palladium black. The catalyst is 
preferably palladium hydroxide/carbon. 
[0289] 

The reaction temperature is generally 0°C to 50°C, preferably 15°C to 25°C. 

[0290] 

The reaction time is generally 1 to 48 hours, preferably 3 to 24 hours. 

[0291] 

After completion of the reaction, the target compound (la) of the reaction is 
collected from the reaction mixture by a conventional method. For example, the 
target compound can be obtained by separating the catalyst in the reaction mixture by 
filtration and concentrating the resulting filtrate. 
[0292] 

The obtained compound may be further purified by a conventional method 
such as recrystallization or silica gel chromatography, if necessary. 
[0293] 

2) When the protective group is a phenyl group and R 1 , R 2 , R 3 and R 4 contain 
no double bond, deprotection can be performed by catalytic reduction in an inert 
solvent in the presence of a catalyst. 
[0294] 

Examples of solvents to be used include ethers such as tetrahydrofuran, 
dioxane and ether; and esters such as ethyl acetate; alcohols such as methanol and 
ethanol; and organic acids such as formic acid and acetic acid. The solvent is 
preferably tetrahydrofuran. 
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[0295] 

The catalyst to be used is preferably platinum oxide. 

[0296] 

The reaction temperature is generally 0°C to 50°C, preferably 15°C to 25°C. 

[0297] 

The reaction time is generally 1 to 48 hours, preferably 1 to 24 hours. 

[0298] 

After completion of the reaction, the target compound (la) of the reaction is 
collected from the reaction mixture by a conventional method. For example, the 
target compound can be obtained by separating the catalyst in the reaction mixture by 
filtration and concentrating the resulting filtrate. 
[0299] 

The obtained compound may be further purified by a conventional method 
such as recrystallization or cellulose chromatography, if necessary. 
[0300] 

3) When the protective group is an allyl group or an allyloxycarbonyl group, 
deprotection of the allyl group or the allyloxycarbonyl group in the compound 
(LVIII) can be performed by refluxing in an inert solvent in the presence of a 
palladium catalyst using a formic acid-triethylamine mixture or acetic acid- 
triethylamine, or in the presence of a rhodium catalyst in a 95% aqueous ethanol 
solution. 
[0301] 

The obtained compound may be further purified by a conventional method 
such as recrystallization or cellulose chromatography, if necessary. 
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[0302] 

(3-2) Process b 

This process produces a compound (lb) of the present invention in which Q is 
an oxygen atom and R 5 is a hydroxyl group. 
[0303] 
(Step Cbl) 

This step is for producing a compound (LIX) by subjecting the compound 
(XXVII) or (XXIX) to a glycosylation reaction with the aforementioned compound 
(XVIII). The step is accomplished by performing the reaction under the same 
conditions as in Step Cal . 
[0304] 
(Step Cb2) 

This step is for producing a compound (LX) by converting the compound 
(LIX) to its phosphite and oxidizing the same. The step is accomplished by 
performing the reaction under the same conditions as in Step Aa8. 
[0305] 
(Step Cb3) 

This step is for producing a compound (lb) of the present invention by 
deprotection of the protective group of the compound (LX). The step is 
accomplished by performing the reaction under the same conditions as in Step Ca3. 
[0306] 

(3-3) Process c 

This process produces a compound (I) of the present invention. 

[0307] 
(Step Ccl) 

This step is for producing a compound (LXI) by subjecting the compound 
(XXXIII), (XXXVIII), (XLIII), (XLIX), (LII) or (LVI) to a glycosylation reaction 
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with the aforementioned compound (XIV). The step is accomplished by performing 
the reaction under the same conditions as in Step Cal . 
[0308] 
(Step Cc2) 

This step is for producing a compound (I) of the present invention by 
deprotection of the protective group of the compound (LXI). The step is 
accomplished by performing the reaction under the same conditions as in Step Ca3. 
[0309] 

(3-4) Process d 

This process produces a compound (Ic) of the present invention by removing 
a group R 4a when R 4 in the compound (LXII) is a group represented by the formula: 
[0310] 

[Formula 17] 
QR 4a 

[0311] 

(wherein R 4a and R 4b have the same meaning as defined above) and by deprotection 
of other protective groups. 
[0312] 
(Step Cdl) 

This step is for producing a compound (LXIII) by deprotection of the 
protective group R 4a of the compound (LXII). The step is accomplished by reacting 
the compound (LXII) with 2,3-dichloro-5,6-dicyano-l,4-benzoquinone (DDQ) in an 
inert solvent. 
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[0313] 

Examples of solvents to be used include halogenated hydrocarbons such as 
methylene chloride. 
[0314] 

The reaction temperature is generally room temperature to 50°C. 

[0315] 

The reaction time is generally 5 minutes to 24 hours. 

[0316] 

After completion of the reaction, the target compound (LXIII) of the present 
invention is collected from the reaction mixture by a conventional method. For 
example, the target compound can be obtained by diluting the reaction mixture with 
an inert solvent, washing with an aqueous alkaline solution and water, drying the 
resultant over anhydrous magnesium sulfate, and then removing the solvent. 
[0317] 

The obtained compound may be further purified by a conventional method 
such as recrystallization or silica gel chromatography, if necessary. 
[0318] 
(Step Cd2) 

This step is for producing a compound (Ic) of the present invention by 
deprotection of the protective group of the compound (LXIII). The step is 
accomplished by performing the reaction under the same conditions as in Step Ca3. 
[0319] 

Examples of administration routes of the compound (I) of the present 
invention include oral administration in the form of tablets, capsules, granules, 
powder or syrup, and parenteral administration in the form of injections or 
suppositories. These pharmaceutical formulations are prepared by well-known 
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methods using additives such as excipients, binders, disintegrants, lubricants, 

stabilizers and corrigents. 

[0320] 

The dose varies depending on symptoms, age and other factors. The 
compound can be administered at a dose of generally 0.01 to 10 mg/kg body weight 
for an adult in one or divided doses per day. 
[Examples] 
[0321] 

In the following, the present invention is described in more detail with 
reference to Examples, Reference Examples and Test Examples, but the present 
invention is not limited thereto. 
[0322] 

[Reference Example 1] 

l,2:5,6-Di-0-isopropylidene-3-0-[(R)-3-methoxydecyl]-a-D-glucofuranose 
(Step Aal) 

l,2:5,6-Di-0-isopropylidene-a-D-glucofuranose (14.80 g, 56.857 mmol) and 
(R)-3-methoxydecyl p-toluenesulfonate (16.50 g, 48.175 mmol) were dissolved in 
dimethylformamide (DMF, 60 mL), and sodium hydride (55% dispersion in oil, 3.72 
g, 85.286 mmol) was added to the solution under ice cooling. After stirring at 0°C 
for 15 minutes, the mixture was stirred at room temperature overnight. After 
completion of the reaction, methanol was added to the reaction solution under ice 
cooling to decompose sodium hydride, and the solution was diluted with ethyl 
acetate. The solution was washed with water and saturated brine, dried over 
magnesium sulfate, filtrated and concentrated. The resulting residue was purified by 
silica gel chromatography (eluent: cyclohexane /ethyl acetate=15/l, then 2/1) to give 
the title compound as an oil (1 5.20 g, yield 98%). 
IR v max (film) 2987, 2932, 2960 cm 4 . 
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400 MHz l R NMR (CDC1 3 ) 6 0.88 (3H, t, J=6.6 Hz), 1.28 (10H, bs), 1.37 (3H, s), 

1.35 (3H, s), 1.43-1.52 (8H, m, containing two 3H, s, at 5 1.43 and 1.50 ppm), 1.68- 

1.74 (2H, m), 3.30 (1H, m), 3.32 (3H, s), 3.57 (1H, m), 3.73 (1H, m), 3.86 (1H, d, 

1=2.9 Hz), 3.99 (1H, m), 4.08 (1H, m), 4.12 (1H, dd, J=2.9, 7.3 Hz), 4.30 (1H, dd, 

J=5.9, 13.9 Hz), 4.55 (1H, d, J=3.7 Hz), 5.87 (1H, d, J=3.7 Hz). 

FABMS (positive-ion) m/z; 431 [M+H] + . 

HRFABMS; Calcd. for C23H43O7: 431.3009. Found: 431.3018. 

[0323] 

[Reference Example 2] 

Allyl 4,6-0-isopropylidene-3-0-[(R)-3-methoxydecyl]-a,p-D- 
glucopyranoside (Steps Aa2 and Aa3) 

1,2: 5,6-Di-0-isopropylidene-3 -0-[(R)-3 -methoxy decyl]-a-D-glucoforanose 
obtained in Reference Example 1 (5.79 g, 13.446 mmol) was dissolved in allyl 
alcohol (80 mL) containing 2% of hydrochloric acid, and the mixture was refluxed 
for 30 minutes. The reaction solution was concentrated in vacuo and the resultant 
was dissolved in DMF (12 mL) and 2,2-dimethoxypropane (15 mL). To the solution 
was added p-toluenesulfonic acid (200 mg), and the mixture was stirred at room 
temperature for 16 hours. The reaction solution was diluted with ethyl acetate, 
washed with sodium bicarbonate solution and saturated brine, dried over magnesium 
sulfate, filtrated and concentrated. The resulting residue was purified by silica gel 
chromatography (eluent: cyclohexane/ethyl acetate =3/1) to give an anomer mixture 
of the title compound as an oil (4.12 g, yield 71%). 
physical constant of a-anomer: 
IR v^filra) 3461 (br), 2994, 2929, 2874, 2859 cm" 1 . 

400 MHz *H NMR (CDCI3) 8 0.88 (3H, t, J=6.6 Hz), 1.28 (10H, bs), 1.41 (3H, s), 
1.42-1.48 (2H, m), 1.49 (3H, s), 1.72-1.76 (2H, m), 3.04 (1H, d, J=6.6 Hz, OH), 3.33 
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(3H, s), 3.38 (1H, m), 3.47-3.93 (8H, m), 4.05 (1H, m), 4.21 (1H, m), 4.93 (1H, d, 

1=3 J Hz), 5.22-5.35 (2H, m), 5.95 (1H, m). 

FABMS (positive-ion) m/z; 431 [M+H] + , 453 [M+Na] + . 

HRFABMS; Calcd. for C23H43O7: 431.3009. Found: 431.2985. 

[0324] 

[Reference Example 3] 

(E)-l-Propenyl4,6-0-isopropylidene-3-0-[(R)-3-methoxydecyl]-a,p-D- 
glucopyranoside (Step Aa4) 

Allyl 4,6-0-isopropylidene-3-0-[(R)-3-methoxydecyl]-a,p-D- 
glucopyranoside obtained in Reference Example 2 (4.10 g, 9.522 mmol) was 
dissolved in tetrahydrofuran (THF, 100 mL). To the solution was added 
Ir[C8Hi 2 (MePh 2 P) 2 ]PF6 (50 mg) activated by hydrogen, and the mixture was stirred 
at room temperature for 6 hours and then concentrated. The resulting residue was 
purified by silica gel column chromatography to separate an anomer mixture of the 
title compound. Specifically, oc-anomer (1 .24 g, yield 30%, Rf=0.5 1 1) and P-anomer 
(2.49 g, yield 61%, Rf=0.413) were obtained, 
physical constant of oc-anomer: 
IR VmaxCfilm) 3441 (br), 2928, 2859, 1679 cm" 1 . 

400 MHz J H NMR (CDCI3) 5 0.88 (3H, t, J=6.6 Hz), 1.28 (10H, bs), 1.40-1.60 (1 1H, 
m, containing two 3H, s, at 5 1.41 and 1.49 ppm, and 3H, dd, J=1.5 and 6.6 Hz, at 5 
1.56 ppm), 1.72-1.77 (2H, m), 1.85 (1H, br, OH), 3.26 (1H, m), 3.33 (3H, s), 3.39 
(1H, m), 3.51-3.95 (7H, m), 5.08 (1H, d, J=3.7Hz), 5.20 (1H, m), 6.15 (1H, J=1.9, 
12.1 Hz). 

FABMS (positive-ion) m/z; 431 [M+H] + , 453 [M+Naf. 
HRFABMS; Calcd. for C23H43O7: 431.3009. Found: 431.3012. 
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[0325] 

[Reference Example 4] 

(E)-l-Propenyl 4,6-0-isopropylidene-3-0-[(R)-3-methoxydecyl]-2-0-[(Z)- 
1 1 -octadecenoyl]-a-D-glucopyranoside (Step Aa5) 

(E)-l-Propenyl 4,6-0-isopropylidene-3-0-[(R)-3-methoxydecyl]-ot-D- 
glucopyranoside obtained in Reference Example 3 (1.70 g, 3.948 mmol) was 
dissolved in methylene chloride (25 mL). Thereto were added (Z)-l 1-octadecenoic 
acid (1.67g, 5.922 mmol), dimethylaminopyridine (DMAP, 727 mg, 5.946 mmol) 
and WSCI hydrochloride (1 . 14 g, 5.946 mmol), and the mixture was stirred at room 
temperature for 1 hour. The reaction solution was directly purified by silica gel 
column chromatography (eluent: cyclohexane/ethyl acetate =9/1) to give the title 
compound (1.81 g, yield 66%). 
DR. v max (film) 2927, 2856, 1743, 1680 (w) cm" 1 . 

400 MHz 'HNMR (CDC1 3 ) 5 0.88 (6H, t, J=6.6 Hz), 1.27 (28H, bs), 1.41 (3H, s), 

1.42-1.46 (2H, m), 1.49 (3H, s), 1.53 (3H, dd, J=1.5, 6.6 Hz), 1.59-1.69 (6H, m), 

1.99-2.03 (4H, m), 2.33-2.37 (2H, m), 3.30 (1H, m), 3.31 (3H, s), 3.60-3.86 (7H, m), 

4.77 (1H, m), 5.16-5.18 (2H, m, containing 1H, d, J=3.7 Hz, at 5 5.17 ppm), 5.33- 

5.36 (2H, m), 6.07 (1H, dd, J=1.5, 12.5 Hz). 

FABMS (positive-ion) m/z; 637, 695 [M+H] + , 717 [M+Na] + . 

HRFABMS; Calcd. for C^OgNa: 717.5282. Found: 717.5275. 

[0326] 

[Reference Example 5] 

(E)-l-Propenyl 3-0-[(R)-3-methoxydecyl]-2-0-[(Z)-l 1- octadecenoyl]-a-D- 
glucopyranoside (Step Aa6) 

(E)-l-Propenyl 4,6-0-isopropylidene-3-0-[(R)-3-methoxydecyl]-2-0-[(Z)- 
1 l-octadecenoyl]-a-D-glucopyranoside obtained in Reference Example 4 (250 mg, 
0.360 mmol) was dissolved in an 80% aqueous acetic acid solution (10 mL). The 
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solution was stirred at 60°C for 1.5 hours and then concentrated. The resulting 
residue was purified by silica gel column chromatography (eluent: cyclohexane/ethyl 
acetate=2/l, then 1/1) to give the title compound (234 mg, yield 99%). 
IR v max (film) 3407 (br), 2927, 2856, 1741, 1680 (w) cm' 1 . 

400 MHz l H NMR (CDC1 3 ) 5 0.88 (6H, t, J=6.6 Hz), 1.27 (30H, bs), 1.41-1.49 (2H, 

m), 1.55 (3H, dd, J=1.5, 6.6 Hz), 1.57-1.77 (4H, m), 1.98-2.05 (4H, m), 2.32-2.41 

(2H, m), 3.31 (1H, s), 3.35 (3H, m), 3.60 (1H, m), 3.65-3.74 (3H, m), 3.76-3.85 (2H, 

m), 3.87 (1H, d, J=1.5 Hz, OH), 4.97 (1H, m), 4.71 (1H, m, C2-H), 5.15 (1H, dd, 

J=7.3, 12.5 Hz), 5.21 (1H, d, J=3.7 Hz, anomeric H), 5.33-5.37 (2H, m), 5.33-5.36 

(2H, m), 6.10 (1H, dd, J=1.5, 12.5 Hz). 

FABMS (positive-ion) m/z; 655 [M+H] + , 677 [M+Na] + . 

HRFABMS; Calcd. for C 38 H 71 0 8 : 655.5149. Found: 655.5153. 

[0327] 

[Reference Example 6] 

(E)-l-Propenyl 6-0-(t-butyldimethylsilyl)-3-0-[(R)-3-methoxydecyl]-2-0- 
[(Z)-ll-octadecenoyl]-a-D-glucopyranoside (Step Aa7) 

(E)- 1 -Propenyl 3-0-[(R)-3 -methoxydecyl]-2-0-[(Z)- 1 1 -octadecenoyl]-a-D- 
glucopyranoside obtained in Reference Example 5 (1.729 g, 2.640 mmol) was 
dissolved in methylene chloride (20 mL). To the solution were added t- 
butyldimethylsilyl chloride (437 mg, 2.904 mmol) and DMAP(362 mg, 2.962 mmol), 
and the mixture was stirred at room temperature for 16 hours. The reaction solution 
was directly purified by silica gel column chromatography (eluent: cyclohexane/ethyl 
acetate =4/1) to give the title compound (1.784 g, yield 88%). 
IR v max (film) 3510-3430, 2928, 2857, 1744, 1680 (w), 1464 cm 4 . 
400 MHz *H NMR (CDC1 3 ) 5 0.08 (6H, s), 0.88 (6H, t, J=6.6 Hz), 0.90 (9H, s), 1.27 
(30H, bs), 1.43-1.50 (2H, m), 1.54 (3H, dd, J=1.5, 6.6 Hz), 1.59-1.65 (2H, m), 1.72- 
1.76 (2H, m), 1.99-2.05 (4H, m), 2.33-2.38 (2H, m), 3.30 (3H, s), 3.35 (1H, m), 3.56- 
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3.93 (7H, m), 4.70 (1H, dd, J=3.7, 9.5 Hz), 5.14 (1H, m), 5.18 (1H, d, J=3.7 Hz, 
anomeric H), 5.33-5.36 (2H, m), 6.12 (1H, dd, J=2.2, 12.5 Hz). 
FABMS (positive-ion) m/z; 769 [M+Hf, 791 [M+Na] + . 
[0328] 

[Reference Example 7] 

(E)-l-Propenyl 6-0-(t-butyldimethylsilyl)-4-0-diallylphosphono-3-0-[(R)-3- 
methoxydecyl]-2-0-[(Z)-l l-octadecenoyl]-a-D-glucopyranoside (step Aa8) 

(E)-l-Propenyl 6-0-(t-butyldimethylsilyl)-3-0-[(R)-3-methoxydecyl]-2-0- 
[(Z)-l l-octadecenoyl]-a-D-glucopyranoside obtained in Reference Example 6 
(1.784 g, 2.319 mmol) and lH-tetrazole (325 mg, 4.639 mmol) were dissolved in 
methylene chloride (30 mL). To the solution was added diallyl 
diisopropylphosphorimidite (853 mg, 3.479 mmol), and the mixture was stirred at 
room temperature for 1 5 minutes. To the reaction solution were added THF (30 mL) 
and a 30% aqueous hydrogen peroxide solution (1.20 mL), and the solution was 
stirred at room temperature for 10 minutes. The reaction solution was washed with a 
10% sodium thiosulfate solution, dried over magnesium sulfate, filtrated and 
concentrated. The resulting residue was purified by silica gel column 
chromatography (eluent: cyclohexane/ethyl acetate=4/l) to give the title compound 
(2.100 g, yield 97%). 

IR v max (film) 2928, 2857, 1745, 1680 (w), 1463 cm" 1 . 

400 MHz ! H NMR (CDC1 3 ) 8 0.05 (6H, s), 0.88 (6H, t, J=6.6 Hz), 0.89 (9H, s), 1.27 
(28H, bs), 1.40-1.43 (2H, m), 1.53 (3H, dd, J=1.5, 7.3 Hz), 1.59-1.75 (6H, m), 1.99- 
2.02 (4H m), 2.34-2.39 (2H, m), 3.24 (1H, m), 3.26 (3H, s), 3.73-3.93 (7H, m), 4.26 
(1H, m), 4.55-4.58 (4H, m), 4.71 (1H, m), 5.13-5.38 (7H, m), 5.90-5.97 (2H, m), 
6.12 (1H, dd, J=1.5, 12.5 Hz). 

FABMS (positive-ion) m/z; 929 [M+H] + , 951 [M+Na] + . 
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[0329] 

[Reference Example 8] 

(E)-l-Propenyl 4-0-diallylphosphono-3-0-[(R)-3-methoxydecyl]-2-0-[(Z)- 
1 l-octadecenoyl]-a-D-glucopyranoside (Step Aa9) 

(E)-l-Propenyl 6-0-(t-butyldimethylsilyl)-4-0-diallylphosphono-3-0-[(R)-3- 
methoxydecyl]-2-0-[(Z)-l l-octadecenoyl]-a-D-glucopyranoside obtained in 
Reference Example 7 (2.100 g, 2.260 mmol) was dissolved in acetone (20 mL) and a 
5% aqueous sulfuric acid solution (2 mL). The solution was stirred at room 
temperature for 5 hours and concentrated to half of its volume. The concentrate was 
diluted with ethyl acetate and the solution was washed with water, saturated sodium 
bicarbonate solution and saturated brine, dried over magnesium sulfate, filtrated and 
concentrated. The resulting residue was purified by silica gel column 
chromatography (eluent: cyclohexane/ethyl acetate=3/2) to give the title compound 
(1.670 g, yield 91%). 

IR Vn^film) 3439, 2927, 2856, 1744, 1679 (w), 1461 cm" 1 . 

400 MHz ! H NMR (CDC1 3 ) 5 0.88 (6H, t, J=6.6 Hz), 1.27 (28H, bs), 1.39-1.45 (4H, 
m), 1.54 (3H, dd, J=1.5, 7.3 Hz), 1.61-1.75 (4H, m), 1.99-2.03 (4H, m), 2.31-2.41 
(2H, m), 3.23 (1H, m), 3.27 (3H, s), 3.65-3.96 (7H, m), 4.40 (1H, m), 4.57-4.66 (4H, 
m), 4.77 (1H, dd, J=3.7, 9.5 Hz), 5.16 (1H, m), 5.41 (1H, dd, J=1.5, 3.7 Hz), 5.26- 
5.38 (5H, m), 5.89-5.99 (2H, m), 6.11 (1H, dd, J=1.5, 12.5 Hz). 
FABMS (positive-ion) m/z; 815 [M+H] + , 837 [M+Na] + . 
HRFABMS; Calcd. for C^oOnP: 815.5438. Found: 815.5444. 
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[0330] 

[Reference Example 9] 

(E)-l-Propenyl 4-0-diallylphosphono-3-0-[(R)-3-methoxydecyl]-6-0- 
methyl-2-0-[(Z)-ll-octadecenoyl]-a-D-glucopyranoside (Step AalO) 

(E)-l-Propenyl 4-0-diallylphosphono-3-0-[(R)-3-methoxydecyl]-2-0-[(Z)- 
1 l-octadecenoyl]-a-D-glucopyranoside obtained in Reference Example 8 (167 mg, 
0.205 mmol) was dissolved in methylene chloride (5 mL). To the solution were 
added 2,6-di-t-butyl-4-methylpyridine (210 mg, 1.024 mmol) and trimethyloxonium 
tetrafluoroborate (152 mg, 1.027 mmol), and the mixture was stirred at room 
temperature for 5 hours. The reaction solution was diluted with methylene chloride, 
washed with a saturated sodium bicarbonate solution, dried over magnesium sulfate, 
filtrated and concentrated. The resulting residue was purified by silica gel column 
chromatography (eluent: cyclohexane/ethyl acetate=3/l) to give the title compound 
(161 mg, yield 95%). 

IR v max (film) 2927, 2856, 1745, 1680 (w), 1460 cm" 1 . 

400 MHz 'HNMR (CDC1 3 ) 5 0.88 (6H, t, J=6.6 Hz), 1.26 (30H, bs), 1.39-1.43 (2H, 
m), 1.54 (3H, dd, J=1.5, 7.3 Hz), 1.58-1.78 (4H, m), 1.99-2.04 (4H, m), 2.31-2.40 
(2H, m), 3.24 (1H, m), 3.26 (3H, s), 3.39 (3H, s), 3.60-3.90 (6H, m), 4.39 (1H, m), 
4.44-4.61 (4H, m), 4.78 (1H, m), 5.14-5.40 (8H, m), 5.90-5.98 (2H, m), 6.12 (1H, m). 
FABMS (positive-ion) m/z; 829 [M+H] + , 851 [M+Na] + . 
HRFABMS; Calcd. for C 4 5H8 2 0nP: 829.5595. Found: 829.5551. 
[0331] 

[Reference Example 10] 

(E)-l-Propenyl4-0-diallylphosphono-3-0-[(R)-3-methoxydecyl]-6-0- 
methyl-2-0-[(Z)-l l-octadecenoyl]-a-D-glucopyranoside (Steps Aa5 to AalO) 

The title compound was obtained in 6 steps at a yield of 52% by performing a 
reaction in the same manner as in Reference Examples 4 to 9, using (E)-l-propenyl 
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4,6-0-isopropylidene-3-0-[(R)-3-methoxydecyl]-{3-D-glucopyranoside obtained in 
Reference Example 3 as a starting material. 

400 MHz l U NMR (CDC1 3 ) 6 0.88 (6H, t, J=6.6 Hz), 1.27 (30H, bs), 1.40-1.45 (2H, 
m), 1.51-1.72 (7H, m), 1.99-2.02 (4H, m), 2.31-2.35 (2H, m), 3.22 (1H, m), 3.26 (3H, 
s), 3.39 (3H, s), 3.49-3.77 (6H, m), 4.34 (1H, m), 4.55-4.60 (4H, m), 4.96-5.10 (2H, 
m), 5.24-5.40 (6H, m) 5 5.89-5.98 (2H, m), 6.17 (1H, dd, J=1.5, 12.5 Hz). 
[0332] 
[Example 1] 

Phosphono 3-0-decyl-2-deoxy-6-0-[3-0-[(R)-3-methoxydecyl]-6-0-methyl- 
2-0-[(Z)-ll-octadecenoyl]-4-0-phosphono-P-D-glucopyranosyl]-2-(3- 
oxotetradecanoylamino)-a-D-glucopyranoside (Compound No. 1) 

(1) (E)-l-Propenyl 4-0-diallylphosphono-3-0-[(R)-3-methoxydecyl]-6-0- 
methyl-2-0-[(Z)-ll-octadecenoyl]-a,P-D-glucopyranoside (Steps Aa5 to AalO) 

The title compound was obtained in 6 steps at a yield of 50% by performing a 
reaction in the same manner as in Reference Examples 4 to 9, using a mixture (2:1) 
of (E)- 1 -propenyl 4,6-0-isopropylidene-3 -0-[(R)-3 -methoxydecyl]-a-D- 
glucopyranoside and a P-anomer thereof obtained in Reference Example 3 as starting 
materials. 
[0333] 

(2) 4-0-Diallylphosphono-3-0-[(R)-3-methoxydecyl]-6-0-methyl-2-0-[(Z)- 
1 l-octadecenoyl]-ot,P-D-glucopyranoside (Step Aal 1) 

(E)-l -Propenyl 4-0-diallylphosphono-3-0-[(R)-3-methoxydecyl]-6-0- 
methyl-2-0-[(Z)-ll-octadecenoyl]-a,P-D-glucopyranoside obtained in (1) (mixing 
ratio of a-anomer to p-anomer=2:l, 1.290 g, 1.556 mmol) was dissolved in acetone- 
water (15 mL). N-bromosuccinimide (420 mg, 2.360 mmol) was added to the 
solution, and the mixture was stirred for 2 hours under ice cooling. The reaction 
solution was diluted with ethyl acetate, washed with a 10% sodium thiosulfate 
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solution and saturated sodium bicarbonate solution, dried over magnesium sulfate, 
filtrated and concentrated. The resulting residue was purified by silica gel column 
chromatography (eluent: cyclohexane/ethyl acetate=l/l) to give the title compound 
(980 mg, yield 80%). 

IR VmaxCfilm) 3327 (br), 2927, 2856, 1742, 1461 cm' 1 . 

400 MHz *H NMR (CDCI3) 5 0.88 (6H, t, J=6.6 Hz), 1.27 (30H, bs), 1.41-1.46 (2H, 
m), 1.60-1.76 (4H, m), 1.99-2.03 (4H, m), 2.35-2.40 (2H, m), 3.23 (1H, m), 3.26 (3H, 
s), 3.39 (3H, s), 3.58-3.78 (5H, m), 3.86 (1H, t, J=9.5 Hz), 4.12 (1H, m), 4.27 (1H, 
m), 4.57-4.61 (4H, m), 4.76 (1H, m), 5.23-5.40 (6H, m), 5.90-6.00 (2H, m). 
FABMS (positive-ion) m/z; 789 [M+H] + , 811 [M+Na] + . 
HRFABMS; Calcd. for C^OuP: 789.5282. Found: 789.5286. 
[0334] 

(3) Trichloroacetimidoyl 4-0-diallylphosphono-3-0-[(R)-3-methoxydecyl]-6- 
0-methyl-2-0-[(Z)-l l-octadecenoyl]-a-D-glucopyranoside (Step Aal2) 

4-0-Diallylphosphono-3-0-[(R)-3-methoxydecyl]-6-0-methyl-2-0-[(Z)-ll- 
octadecenoyl]-a,p-D-glucopyranoside obtained in (2) (368 mg, 0.466 mmol) and 
CCI3CN (673 mg, 4.664 mmol) were dissolved in methylene chloride (7 mL). 
Cesium carbonate (76 mg, 0.233 mmol) was added to the solution, and the mixture 
was stirred at room temperature for 1.5 hours. The reaction solution was directly 
purified by silica gel column chromatography (eluent: cyclohexane/ethyl acetate= 
2/1) to give the title compound (415 mg, yield 95%). 
IR v max (film) 3349 (w), 2927, 2856, 1750, 1675, 1465 cm" 1 . 

400 MHz J H NMR (CDCI3) 5 0.88 (6H, t, J=6.6 Hz), 1.27 (30H, bs), 1.40-1.44 (2H, 
m), 1.65-1.80 (4H, m), 1.99-2.02 (4H, m), 2.23 (2H, t, J=7.3 Hz), 3.24-3.28 (4H, m, 
containing 3H, s, at 5 3.27 ppm), 3.38 (3H, s), 3.64-3.80 (4H, m), 3.91 (1H, t, J=9.5 
Hz), 4.03 (1H, m), 4.50 (1H, q, J=9.5 Hz), 4.57-4.61 (4H, m), 5.00 (1H, dd, J=3.7, 
10.3 Hz), 5.25-5.40 (6H, m), 5.90-6.00 (2H, m), 6.50 (1H, d, J=3.7 Hz), 8.61 (1H, s). 
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FABMS (positive-ion) m/z; 771, 954 [ 35 C1, M+Na] + , 956 [M+Na] + . 
[0335] 

(4) Allyl 3-0-decyl-2-deoxy-4,6-0-isopropylidene-2- trifluoroacetamide-p-D- 
glucopyranoside (Step Bal) 

Allyl 2-deoxy-4,6-0-isopropylidene-2-trifluoroacetamide-p-D- 
glucopyranoside (10.660 g, 30.000 mmol) was dissolved in DMF (40 mL). Decyl 
methanesulfonate (17.735 g, 75.000 mmol) and sodium hydride (55% dispersion in 
oil, 3.49 g, 80.000 mmol) were added to the solution under ice cooling. After stirring 
for 30 minutes, the mixture was stirred at room temperature overnight. The reaction 
solution was diluted with ethyl acetate, washed with ice water and saturated brine, 
dried over magnesium sulfate, filtrated and concentrated. The resulting residue was 
purified by silica gel column chromatography (eluent: cyclohexane/ethyl acetate 
=3/1) to give the title compound (9.516 g, yield 64%). 
IR v max (KBr) 3318 (w), 2925, 2854, 1705, 1561 cm" 1 . 

400 MHz *H NMR (CDC1 3 ) 5 0.88 (3H, t, J=6.6 Hz), 1.25 (14H, bs), 1.41 (3H, s), 
1.42-1.53 (5H, m, containing 3H, s, at 5 1.49 ppm), 3.29-3.41 (2H, m), 3.47 (1H, m), 
3.61 (1H, m), 3.74-3.80 (2H, m), 3.81-3.95 (2H, m), 4.05 (1H, m), 4.31 (1H, m), 4.92 
(1H, d, J=8.1 Hz), 5.19-5.28 (2H, m), 5.78-5.86 (1H, m), 6.43 (1H, d, J=8.1 Hz, NH). 
FABMS (positive-ion) m/z; 496 [M+H] + . 
[0336] 

(5) Allyl 2-amino-3-0-decyl-2-deoxy-4,6-0- isopropylidene-p-D- 
glucopyranoside (Step Ba2) 

Allyl 3-0-decyl-2-deoxy-4,6-0-isopropylidene-2-trifluoroacetamide-P-D- 
glucopyranoside obtained in (4) (1.76 g, 2.018 mmol) was dissolved in ethanol (20 
mL). To the solution was added 1 mol/L potassium hydroxide (20 mL), and the 
mixture was refluxed overnight and further stirred at room temperature overnight. 
The reaction solution was concentrated in vacuo and extracted with ether. The ether 
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layer was washed with water and saturated brine, dried over sodium sulfate, filtrated 
and concentrated. The resulting residue was purified by silica gel column 
chromatography (eluent: cyclohexane/ethyl acetate=l:4) to give the title compound 
(870 mg, yield 61%). 
IR v max (film) 3395 (w), 2926, 2857 cm" 1 . 

400 MHz l H NMR (CDC1 3 ) 6 0.88 (3H, t, J=6.6 Hz), 1.26 (14H, bs), 1.41 (3H, s), 

1.49 (3H, s), 1.50-1.59 (4H, m, containing NH 2 ), 2.83 (1H, dd, J=7.3, 9.5 Hz), 3.19- 

3.28 (2H, m), 3.56 (1H, m), 3.67 (1H, dd, J=8.8, 9.5 Hz), 3.77-3.92 (3H, m), 4.11 

(1H, m), 4.32 (1H, d, J=8.1 Hz), 4.35 (1H, m), 5.20-5.33 (2H, m), 5.92 (1H, m). 

FAB MS (positive-ion) m/z; 400 [M+H] + . 

HRFABMS; Calcd. for C22H42NO5: 400.3063. Found: 400.3056. 

[0337] 

(6) Allyl 3-0-decyl-2-deoxy-4,6-0-isopropylidene-2-(3- 
oxotetradecanoylamino)-p-D-glucopyranoside (Step Ba3) 

Allyl 2-amino-3-0-decyl-2-deoxy-4,6-0-isopropylidene-P-D- 
glucopyranoside obtained in (5) (974 mg, 2.437 mmol) and 3-oxotetradecanoic acid 
(886 mg, 3.655 mmol) were dissolved in methylene chloride (5 mL). To the solution 
was added l-[3-(dimethylamino)propyl]-3-ethylcarbodiimide (800 mg, 4.173 mmol), 
and the mixture was stirred for 30 minutes. The reaction solution was diluted with 
ethyl acetate, washed with water and saturated brine, dried over sodium sulfate, 
filtrated and concentrated. The resulting residue was purified by silica gel column 
chromatography (eluent: cyclohexane/ethyl acetate =3/1) to give the title compound 
(1.320 g, yield 87%). 

IR v max (KBr) 3265, 3097, 2921, 2851, 1724, 1716, 1648, 1565, 1447 cm' 1 , 
400 MHz X H NMR (CDC1 3 ) 5 0.88 (6H, t, J=6.6 Hz), 1.26 (30H, bs), 1.40 (3H, s), 
1.44-1.48 (5H, m, containing 3H, s, at 8 1.48 ppm), 2.52 (2H, t, J=7.3 Hz), 3.29 (1H, 
m), 3.39 (2H, s), 3.43-3.59 (2H, m), 3.61 (1H, m), 3.68-3.80 (2H, m), 3.91 (1H, dd, 
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J=5.1, 1 1.0 Hz), 4.05 (1H, m), 4.30 (1H, m), 4.79 (1H, d, J=8.8 Hz), 5.14-5.26 (2H, 

m), 5.82 (1H, m), 7. 1 1 (1H, d, J=8. 1 Hz, NH). 

FAB MS (positive-ion) m/z; 624 [M+H] + , 646 [M+Na] + . 

HRFABMS; Calcd. for CaeHseNO?: 624.4839. Found: 624.4844. 

[0338] 

(7) Allyl 3-0-decyl-2-deoxy-2-(3-oxotetradecanoylamino)-P-D- 
glucopyranoside (Step Ba4) 

Allyl 3-0-decyl-2-deoxy-4,6-0-isopropylidene-2-(3-oxotetradecanoylamino)- 
P-D-glucopyranoside obtained in (6) (1.310 g, 2.100 mmol) was dissolved in an 80% 
aqueous acetic acid solution (100 mL). The solution was stirred at 60°C for 1 hour 
and concentrated in vacuo. The resulting residue was purified by silica gel column 
chromatography (eluent: ethyl acetate, then ethyl acetate containing 5% of methanol) 
to give the title compound (1. 100 g, yield 90%). 

IRv m ax(KBr) 3270, 3094 (w), 2955, 2921, 2851, 1726, 1716, 1648, 1559 cm- 1 . 
400 MHz *H NMR (CDC1 3 ) 5 0.88 (6H, t, J=6.6 Hz), 1.26 (30H, bs), 1.50-1.60 (4H, 
m), 2.16 (1H, bs, OH), 2.50-2.54 (3H, m, containing OH), 3.40-3.41 (3H, m, 
containing 2H, s, at 5 3.40 ppm), 3.58-3.64 (5H, m), 3.81 (1H, dd, J=4.4, 1 1.7 Hz), 
3.91 (1H, dd, J=3.3, 1 1.7 Hz), 4.06 (1H, dd, J=5.9, 13.2 Hz), 4.06 (1H, d, J=5.5 Hz), 
4.73 (1H, d, J=7.3 Hz), 5.15-5.27 (2H, m), 5.84 (1H, m), 7.22 (1H, d, J=7.3 Hz, NH). 
FABMS (positive-ion) m/z; 584 [M+H] + , 606 [M+Na] + . 
HRFABMS; Calcd. for CasHaNO?: 584.4526. Found: 584.4537. 
[0339] 

(8) Allyl 6-0-(t-butyldimethylsilyl)-3-0-decyl-2-deoxy-2-(3- 
oxotetradecanoylamino)-P-D-glucopyranoside (Step Ba5) 

Allyl 3-0-decyl-2-deoxy-2-(3-oxotetradecanoylamino)-P-D-glucopyranoside 
obtained in (7) (1 .030 g, 1.764 mmol) was dissolved in methylene chloride (25 mL). 
To the solution were added t-butyldimethylsilyl chloride (293 mg, 1.940 mmol) and 
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dimethylaminopyridine (237 mg, 1.940 mmol), and the mixture was stirred at room 
temperature for 16 hours. The reaction solution was directly purified by silica gel 
column chromatography (eluent: cyclohexane/ethyl acetate=4:l) to give the title 
compound (1.072 g, yield 87%). 

IR v max (KBr) 3516 (w), 3270, 3087 (w), 2956, 2922, 2852, 1715, 1647, 1556, 1467 
cm" 1 . 

400 MHz *H NMR (CDCI3) 8 0.09 (6H, s), 0.88 (6H, m), 0.90 (9H, s), 1.26 (3 OH, bs), 
1.50-1.58 (4H, m), 2.52 (2H, t, J=7.3 Hz), 3.11 (1H, bs, OH), 3.36 (1H, m), 3.39 (2H, 
s), 2.52-2.62 (4H, m), 3.72 (1H, m), 3.84 (1H, m), 3.91 (1H, m), 4.04 (1H, m), 4.28 
(1H, dd, J=5.1, 13.2 Hz), 4.71 (1H, d, J=8.1 Hz), 5.13-5.25 (2H, m), 5.83 (1H, m), 
7.09 (1H, d, J=8.1Hz, NH). 

FABMS (positive-ion) m/z; 698 [M+H] + , 720 [M+Na] + . 
HRFABMS; Calcd. for C 3 9H 7 6N0 7 Si: 698.5391. Found: 698.5383. 
[0340] 

(9)(E)-l-Propenyl 6-0-(t-butyldimethylsilyl)-3-0-decyl-2-deoxy-2-(3- 
oxotetradecanoylamino)-P-D-glucopyranoside (Step Ba6) 

Allyl 6-0-(t-butyldimethylsilyl)-3-0-decyl-2-deoxy-2-(3- 
oxotetradecanoylamino)-p-D-glucopyranoside obtained in (8) (315 mg, 0.451 mmol) 
was dissolved in THF (10 mL). To the solution was added Ir[C8Hi 2 (MePh 2 P) 2 ]PF6 
(5 mg) activated by hydrogen, and the mixture was stirred at room temperature for 3 
hours in a nitrogen atmosphere. The reaction solution was concentrated and the title 
compound was quantitatively obtained. 

IR v max (KBr) 3509 (w), 3276 (w), 2956, 2922, 2852, 1714, 1642, 1556, 1466 cm" 1 . 
400 MHz ! HNMR (CDCI3) 5 0.08 (3H, s), 0.10 (3H, s), 0.86-0.92 (15H, m, 
containing 9H, s, at 5 0.90 ppm), 1.26 (30H, bs), 1.50-1.58 (7H, m), 2.51 (2H, t, 
J=7.7 Hz), 3.19 (1H, bs, OH), 3.39 (2H, s), 3.43 (1H, m), 3.51-3.75 (5H, m), 3.84 
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(1H, m), 3.91 (1H, m), 4.94 (1H, d, J=8.1 Hz, anomericH), 5.06 (1H, qd, J=6.6, 12.5 

Hz), 615 (1H, dd, J=1.5, 12.5 Hz), 7.19 (1H, d, J=8.1 Hz, NH). 

FABMS (positive-ion) m/z; 698 [M+H] + , 720 [M+Na] + . 

HRFABMS; Calcd. for C 3 9H76N0 7 Si: 698.5391. Found: 698.5407. 

[0341] 

(10)(E)-1-Propenyl 4-0-(allyloxycarbonyl)-6-0-(t-butyldimethylsilyl)-3-0- 
decyl-2-deoxy-2-(3-oxotetradecanoylamino)-(3-D-glucopyranoside (Step Ba7) 

(E)-l-Propenyl 6-0-(t-butyldimethylsilyl)-3-0-decyl-2-deoxy-2-(3- 
oxotetradecanoylamino)-|3-D-glucopyranoside obtained in (9) (840 mg, 1 .203 mmol) 
was dissolved in toluene (10 mL). Pyridine (381 mg, 0.602 mmol) was added to the 
solution, triphosgene (179 mg, 0.602 mmol) was further added thereto under ice 
cooling, and the mixture was vigorously stirred for 10 minutes. Allyl alcohol (700 
mg, 12.05 mmol) was further added to the reaction solution and the mixture was 
stirred for 1 hour under ice cooling. The reaction solution was diluted with ethyl 
acetate, washed with water, sodium bicarbonate solution and saturated brine, dried 
over magnesium sulfate, filtrated and concentrated. The resulting residue was 
purified by silica gel column chromatography (eluent: cyclohexane/ethyl 
acetate=7/l) to give the title compound in the form of wax (704 mg, yield 75%). 
IR v max (KBr) 3269, 3088 (w), 2926, 2855, 1752, 1717, 1681 (w), 1647, 1558, 1464 
cm . 

400 MHz ] H NMR (CDC1 3 ) 8 0.03 (3H, s), 0.04 (3H, s), 0.87 (15H, m), 1.22-1.26 
(30H, bs), 1.40-1.44 (2H, m), 1.51 (3H, dd, J=1.5, 6.6 Hz), 1.52-1.58 (2H, m), 2.50 
(2H, t, J=7.3 Hz), 3.38 (2H, s), 3.49-3.57 (4H, m), 3.68-3.78 (2H, m), 3.93 (1H, t, 
J=9.2 Hz), 4.62-4.73 (3H, m), 4.99 (1H, d, J=8.1 Hz, anOmeric H), 5.08 (1H, m), 
5.26-5.39 (2H, m), 5.92 (1H, m), 6.16 (1H, dd, J=1.5, 12.5 Hz), 7.22 (1H, d, J=7.3 
Hz, NH). 

FABMS (positive-ion) m/z; 804 [M+Na] + . 
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HRFABMS; Calcd. for C 4 3H79N0 9 SiNa: 804.5422. Found: 804.5413. 
[0342] 

(1 1) 4-0-(Allyloxycarbonyl)-3-0-decyl-2-deoxy-2-(3- 
oxotetradecanoylamino)-a-D-glucopyranoside (Step Ba8) 

(E)-l-Propenyl 4-0-(allyloxycarbonyl)-6-0-(t-butyldimethyIsilyl)-3-0-decyl- 
2-deoxy-2-(3-oxotetradecanoylamino)-j3-D-glucopyranoside obtained in (10) (630 
mg, 0.805 mmol) was dissolved in a methylene chloride-acetonitrile mixed solvent 
(1 :2, 63 mL). A 48% aqueous hydrofluoric acid solution (14 mL) was added to the 
solution, and the mixture was vigorously stirred at room temperature for 2 hours. 
The reaction solution was diluted with methylene chloride, washed with water and 
sodium bicarbonate solution, dried over magnesium sulfate, filtrated and 
concentrated. The resulting residue was purified by silica gel column 
chromatography (eluent: cyclohexane/ethyl acetate= 1/2, then ethyl 
acetate/methanol=19/l) to give the title compound in the form of wax (336 mg, yield 
66%). 

IR v max (KBr) 3546, 3406, 3292, 3085, 2925, 2854, 1758, 1721, 1641, 1555 cm' 1 . 
400 MHz ! H NMR (CDC1 3 ) 5 0.88 (6H, t, J=6.6 Hz), 1.26 (30H, bs), 1.40-1.49 (2H, 
m), 1.51-1.60 (2H, m), 2.45 (1H, m, OH), 2.52 (2H, t, J=7.3 Hz), 3.42 (2H, s), 3.46 
(1H, m, OH), 3.52-3.80 (5H, m), 4.00 (1H, m), 4.16 (1H, m), 4.66 (2H, d, J=5.9 Hz), 
4.80 (1H, t, J=9.5 Hz, anomeric H), 5.28-5.40 (3H, m), 5.94 (1H, m), 7.33 (1H, d, 
J=8.8 Hz, NH). 

FABMS (positive-ion) m/z; 610, 628 [M+H] + , 650 [M+Na] + . 
HRFABMS; Calcd. for C 3 4H6iN0 9 Na: 650.4244. Found: 650.4254. 
[0343] 

(12)4-0-(Allyloxycarbonyl)-3-0-decyl-2-deoxy-6-0-[4-0-diallylphosphono- 
3-0-[(R)-3-methoxydecyl]-6-0-methyl-2-0-[(Z)-ll-octadecenoyl]-p-D- 
glucopyranosyl]-2-(3-oxotetradecanoylamino)-a-D-glucopyranoside (Step Cal) 
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Trichloroacetimidoyl 4-0-diallylphosphono-3-0-[(R)-3-methoxydecyl]-6-0- 
methyl-2-0-[(Z)-l l-octadecenoyl]-a-D-glucopyranoside obtained in (3) (164 mg, 
0.175 mmol) and 4-0-(allyloxycarbonyl)-3-0-decyl-2-deoxy-2-(3- 
oxotetradecanoylamino)-a-D-glucopyranoside obtained in (1 1) (100 mg, 0.159 
mmol) were dissolved in methylene chloride (5 mL). Molecular sieves 4A (250 mg) 
were added to the solution, and the mixture was stirred for 15 minutes in a nitrogen 
atmosphere. Thereto were further added silver trifluoromethanesulfonate (AgOTf, 
100 mg, 0.389 mmol) and trimethylsilyl trifluoromethanesulfonate (TMSOTf, 10 mg, 
0.045 mmol), and the mixture was stirred at room temperature for 16 hours in a 
nitrogen atmosphere. The reaction solution was diluted with methylene chloride, 
washed with sodium bicarbonate solution and saturated brine, dried over magnesium 
sulfate, filtrated and concentrated. The resulting residue was purified by silica gel 
chromatography (eluent: cyclohexane/ethyl acetate =1/2) to give the title compound 
in the form of gum (135 mg, yield 61%). 

JR v ma x(film) 3650-3200, 2927, 2855, 1752, 1650, 1546, 1465 cm' 1 . 

400 MHz l H NMR (CDC1 3 ) 8 0.86-0.89 (12H, m), 1.26 (60H, bs), 1.41-1.44 (4H, m), 

1.55-1.74 (6H, m), 1.99-2.04 (4H, m), 2.31-2.35 (2H, m), 2.52 (2H, t, J=7.3 Hz), 

3.22 (1H, m), 3.26 (3H, s), 3.40 (5H, m), 3.49-3.79 (11H m), 4.18 (1H, m), 4.25 (1H, 

m), 4.41 (1H, m), 4.52-4.67 (9H, m, containing OH), 4.93 (1H, m), 5.24-5.40 (8H, 

m), 5.89-5.98 (3H, m), 7.13 (1H d, J=9.5 Hz, NH). 

FABMS (positive-ion) m/z, 1420 [M+Na] + . 

HRFABMS; Calcd. for C 7 6Hi 36 NOi 9 PNa: 1420.9342. Found: 1420.9341. 
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[0344] 

(13) Diallylphosphono 4-0-(allyloxycarbonyl)-3-0-decyl-2-deoxy-6-0-[4-0- 
diallylphosphono-3-0-[(R)-3-methoxydecyl]-6-0-methyl-2-0-[(Z)-ll- 
octadecenoyl]-P-D-glucopyranosyl]-2-(3-oxotetradecanoylamino)-a-D- 
glucopyranoside (Step Ca2) 

4-0-(Allyloxycarbonyl)-3-0-decyl-2-deoxy-6-0-[4-0-diallylphosphono-3-0- 
[(R)-3-methoxydecyl]-6-0-methyl-2-0-[(Z)-ll-octadecenoyl]-|3-D-glucopyranosyl]- 
2-(3-oxotetradecanoylamino)-a-D-glucopyranoside obtained in (12) (167 mg, 0.119 
mmol) was dissolved in methylene chloride (6 mL). To the solution were added 
sodium sulfate (350 mg), lH-tetrazole (121 mg, 1.727 mmol) and diallyl 
diisopropylphosphoramidite (179 mg, 0.730 mmol). The mixture was stirred at room 
temperature for 1 hour in a nitrogen atmosphere. The reaction solution was directly 
purified by silica gel chromatography (eluent: cyclohexane/ethyl acetate =2/3) to 
give the phosphite as an oil (199 mg). The phosphite was dissolved in THF (7 mL), 
and a 30% hydrogen peroxide solution (0.4 mL) was added to the solution. The 
mixture was stirred for 1 hour under ice cooling. The reaction solution was diluted 
with ethyl acetate, washed with a 10% sodium thiosulfate solution, saturated sodium 
bicarbonate solution and brine, dried over magnesium sulfate, filtrated and 
concentrated. The resulting residue was purified by silica gel chromatography 
(eluent: cyclohexane/ethyl acetate =2/3) to give the title compound as an oil (108 mg, 
yield 58%). 

JR v max (film) 3290, 3085 (w), 2926, 2855, 1755, 1723 (w), 1678, 1650, 1552 cm" 1 . 
400 MHz ] H NMR (CDCI3) 5 0.86-0.89 (12H, m), 1.25 (60H, bs), 1.42-1.44 (4H, m), 
1.55-1.74 (6H, m), 2.00-2.10 (4H, m), 2.33 (1H, m), 2.39 (1H, m), 2.49 (2H, t, J=7.3 
Hz), 3.20 (1H, m), 3.25 (3H, s), 3.38 (3H, s), 3.39 (2H, s), 3.51-3.75 (10H, m), 3.95 
(1H, m), 4.08 (1H, m), 4.26-4.34 (2H, m), 4.40 (1H, d, J=7.3 Hz, anomeric H), 4.58- 
4.64 (10H, m), 4.93 (1H, m), 4.76 (1H, dd, J=9.5, 10.3 Hz), 4.90 (Hi dd, J=8.1, 9.5 
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Hz), 5.24-5.42 (12H, m), 5.69 (1H, m, anomeric H), 5.89-6.03 (5H, m), 7.40 (1H, d, 
J=8.8 Hz, NH). 

FABMS (positive-ion) m/z, 1379, 1580 [M+Na] + . 

HRFABMS; Calcd. for CgjHnsNC^PNa: 1580.9631. Found: 1580.9618. 

[0345] 

(14) Phosphono 3-0-decyl-2-deoxy-6-0-[3-0-[(R)-3-methoxydecyl]-6-0- 
methyl-2-0-[(Z)-ll-octadecenoyl]-4-0-phosphono-p-D-glucopyranosyl]-2-(3-oxo- 
tetradecanoylamino)-a-D-glucopyranoside (Step Ca3) 

Diallylphosphono 4-0-(allyloxycarbonyl)-3-0-decyl-2-deoxy-6-0-[4-0- 
diallylphosphono-3-0-[(R)-3-methoxydecyl]-6-0-methyl-2-0-[(Z)-ll- 
octadecenoyl]-p-D-glucopyranosyl]-2-(3-oxotetradecanoylamino)-a-D- 
glucopyranoside obtained in (13) (95 mg, 0.061 mmol) was dissolved in dry THF (5 
mL). To the solution were added triphenylphosphine (1 1 mg, 0.042 mmol), 
triethylamine (43 mg, 0.425 mmol), formic acid (36 mg, 0.782 mmol) and 
tetrakis(triphenylphosphine)palladium (0) (Pd(PPh 3 ) 4 , 1 1 mg, 0.010 mmol). The 
mixture was stirred at 55°C for 20 hours in a nitrogen atmosphere. The reaction 
solution was filtrated and concentrated. The resulting residue was purified on a 
column packed with 5 g of DEAE-cellulose (eluent: a 0.05 mol/L ammonium acetate 
solution of chloroform-methanol-water (2:3:1)) to give a fraction of the target 
substance. The obtained fraction was collected, and chloroform and a 0. 15 mol/L 
hydrochloric acid solution were added thereto so that the entire mixture contained 
chloroform-methanol-water (1 : 1 : 1) (pH being adjusted to 2-3). The mixture was 
stirred in a separatory funnel, and the chloroform layer at the bottom was collected 
and concentrated to give the title compound in the form of wax (67 mg, yield 84%). 
IR v max (KBr) 3537, 3301, 2955, 2923, 2852, 1722, 1655, 1544, 1467 cm' 1 . 
400 MHz l H NMR (CDCI3+CD3OD, 4:1)5 0.87-0.90 (12H, m), 1.26-1.28 (60H, m), 
1.42-1.65 (8H, m), 1.71-1.76 (2H, m), 2.00-2.04 (4H, m), 2.30-2.43 (2H, m), 2.56 
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(2H, t, J=7.3 Hz), 3.26-3.46 (9H, m, containing two 3H, s, at 3.30 (C 6 -OMe) and 
3.41 (side chain OMe) ppm), 3.48-4.22 (15H, m), 4.52 (1H, d, J=8.1 Hz, anomeric 
H), 4.88 (1H, t, J=8.8 Hz, 0-C 2 -H), 5.34-5.36 (2H, m), 5.50 (1H, m, anomeric H). 
FAB MS (negative-ion) m/z, 1312 [M-H]". 

HRFABMS; Calcd. for CeeHj^NO^: 1312.8192. Found: 1312.8104. 

Anal. Calcd. for C 66 Hi 25 N0 2 oP 2 3H 2 0 (1368.7): C, 57.92; H, 9.65; N, 1.02; P, 4.53. 

Found: C, 57.86; H, 9.55; N, 1.22; P, 4.30. 

[0346] 

[Example 2] 

Phosphono 3-0-decyl-2-deoxy-6-0-[3-0-[(R)-3-methoxydecyl]-6-0-methyl- 
2-0-[(Z)-ll-octadecenyl]-4-0-phosphono-P-D-glucopyranosyl]-2-(3- 
oxotetradecanoylamino)-a-D-glucopyranoside (Compound No. 2) 

( 1 ) (E)- 1 -Propenyl 4, 6-0-isopropylidene-3 -0-[(R)-3 -methoxydecyl]-2-0- 
[(Z)-l l-octadecenyl]-a,p-D-glucopyranoside (Step Aa5) 

(E)-l -Propenyl 4,6-0-isopropylidene-3-0-[(R)-3-methoxydecyl]-oc,P-D- 
glucopyranoside obtained in Reference Example 3 (3.140 g, 7.293 mmol) and (Z)- 
1 1-octadecenyl methanesulfonate (3.040 g, 48.175 mmol) were dissolved in DMF 
(20 mL). Sodium hydride (55% dispersion in oil, 400 mg, 9.167 mmol) was added to 
the solution under ice cooling. After stirring the reaction solution at room 
temperature for 1 hour and at 60°C for 1.5 hours, methanol was added thereto under 
ice cooling to decompose sodium hydride. The reaction solution was diluted with 
ethyl acetate, washed with water and saturated brine, dried over magnesium sulfate, 
filtrated and concentrated. The resulting residue was purified by silica gel 
chromatography (eluent: cyclohexane/ethyl acetate =19/1, then 9/1) to give the title 
compound as an oil (4.000 g, yield 81%). 
IR v max (film) 2926, 2856, 1680 (w), 1661 (w), 1465 cm" 1 . 
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400 MHz } H NMR (CDC1 3 ) 5 0.86-0.89 (6H, m), 1.29 (30H, bs), 1.40-1.80 (17H, m, 
containing two 3H, s, at 1.42 and 1.49 ppm), 2.01-2.04 (4H, m), 3.19-3.93 (14H, 
containing 3H, s, at 3.34 ppm), 4.53 (0.3H, d, J=7.4 Hz, anomericH), 5.07 (0.7H, d, 
J=3.5 Hz, anomericH), 5.11-5.22 (1H, m), 5.34-5.38 (2H, m), 6.14-6.23 (1H, m). 
FAB MS (positive-ion) m/z, 681 [M+H] + , 703 [M+Naf. 
HRFABMS; Calcd. for CiHfoOrNa: 703.5490. Found: 703.5527. 
[0347] 

(2) (E)-l-Propenyl 3-0-[(R)-3-methoxydecyl]-2-0-[(Z)-l l-octadecenyl]-ot,p- 
D-glucopyranoside (Step Aa6) 

(E)-l-Propenyl 4,6-0-isopropylidene-3-0-[(R)-3-methoxydecyl]-2-0-[(Z)- 
ll-octadecenyl]-a,(3-D-glucopyranoside obtained in (1) (4.000 g, 5.873 mmol) was 
dissolved in an 80% aqueous acetic acid solution (10 mL). The solution was stirred 
at 60°C for 2.5 hours and then concentrated. The resulting residue was purified by 
silica gel column chromatography (eluent: cyclohexane/ethyl acetate=2/l, then 2/3) 
to give the title compound as an oil (2.3 10 g, yield 61%). 
IR v max (film) 3423 (br), 2926, 2856, 2525 (br), 1680 (w), 1464 cm" 1 . 
400 MHz 'HNMR (CDCI3) 5 0.88 (6H, t, J=6.6 Hz), 1.27 (30H, bs), 1.45-1.61 (9H, 
m, containing two 3H, dd, J=1.6, 6.6 Hz at 1.56 ppm), 1.71-1.80 (2H, m), 1.99-2.08 
(4H, m), 3.18 (1H, m), 3.23-3.92 (12H, containing 3H, s, at 3.32 ppm), 4.10 (1H, m), 
4.52 (0.3H, d, J=7.0 Hz, anomeric H), 5.1 1 (0.7H, d, J=3.1 Hz, anomeric H), 5.20 
(1H, m), 5.34-5.36 (2H, m), 6.16-6.24 (1H, m). 
FABMS (positive-ion) m/z, 641 [M+H] + , 663 [M+Na] + . 
HRFABMS; Calcd. for CsgHraWa: 663.5176. Found: 663.5182. 
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[0348] 

(3) (E)-l-Propenyl 6-0-(t-butyIdimethylsilyl)-3-0-[(R)-3-methoxydecyl]-2- 
0-[(Z)-l l-octadecenyl]-a,p-D-glucopyranoside (Step Aa7) 

A reaction was performed in the same manner as in Reference Example 6 
using (E)-l-propenyl 3-0-[(R)-3-methoxydecyl]-2-0-[(Z)-l l-octadecenyl]-a,p-D- 
glucopyranoside obtained in (2) to give the title compound as an oil (yield 93%), 
IR v max (film) 3432 (br), 2927, 2856, 1681 (w), 1661 (w), 1463 cm -1 . 
400 MHz 'H NMR (CDC1 3 ) 5 0.07 (6H, s), 0.86-0.92 (15H, m), 1.24-1.40 (30H, m), 
1.41-1.60 (9H, m), 1.75-1.79 (2H, m), 1.99-2.05 (4H, m), 3.13-4.03 (14H, m, 
containing 3H, s, at 3.31 ppm), 4.46 (0.4H, d, J-7.4 Hz, anomeric H), 5.08-5.21 
(1.6H, m, containing 0.6H, anomeric H), 5.33-5.38 (2H, m), 6.18-6.23 (1H, m). 
FABMS (positive-ion) m/z, 755 [M+H] + . 

HRFABMS (on addition of Nal), Calcd. for C 4 4H860 7 SiNa : 777.6040. Found: 

777.6022. 

[0349] 

(4) (E)-l-Propenyl 6-0-(t-butyldimethylsilyl)-4-0-diallylphosphono-3-0- 
[(R)-3-methoxydecyl]-2-0-[(Z)-l l-octadecenyl]-a,p-D-glucopyranoside (Step Aa8) 

A reaction was performed in the same manner as in Reference Example 7 
using (E)- 1 -propenyl 6-0-(t-butyldimethylsilyl)-3-0-[(R)-3-methoxydecyl]-2-0- 
[(Z)-l l-octadecenyl]-ot,P-D-glucopyranoside obtained in (3) to give the title 
compound as an oil (yield 92%). 
IR v max (film) 2928, 2856, 1681 (w), 1463 cm' 1 . 

400 MHz J H NMR (CDC1 3 ) 5 0.05 (6H, s), 0.86-0.92 (15H, m), 1.24-1.28 (30H, bs), 
1.43-1.50 (2H, m), 1.53-1.62 (7H, m), 1.78-1.81 (2H, m), 1.99-2.04 (4H, m), 3.18- 
4.20 (14H, m), 4.46 (0.4H, d, J=7.8 Hz, anomeric H), 4.54-4.58 (4H, m), 5.09-5.39 
(8H, m), 5.90-5.98 (2H, m), 6.18-6.23 (1H, m). 
FABMS (positive-ion) m/z, 915 [M+H] + , 937 [M+Na] + . 
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HRFABMS, Calcd. for C 50 H 96 OioSi: 915.6510. Found: 915.6527. 
[0350] 

(5) (E)-l-Propenyl 4-0-diallylphosphono-3-0-[(R)-3-methoxydecyl]-2-0- 
[(Z)-l l-octadecenyl]-a,|3-D-glucopyranoside (Step Aa9) 

A reaction was performed in the same manner as in Reference Example 8 
using (E)-l-propenyl 6-0-(t-butyldimethylsilyl)-4-0-diallylphosphono-3-0-[(R)-3- 
methoxydecyl]-2-0-[(Z)-ll-octadecenyl]-a,P-D-glucopyranoside obtained in (4) to 
give the title compound as an oil (yield 100%). 
JK v max (film) 3431 (br), 2927, 2856, 1680 (w), 1661 (w), 1462 cm" 1 . 
400 MHz *H NMR (CDC1 3 ) 5 0.88 (6H, t, J=6.8 Hz), 1 .26 (30H, bs), 1.40-1.44 (2H, 
m), 1.54-1.61 (7H, m), 1.73-1.78 (2H, m), 1.99-2.03 (4H, m), 3.20-3.39 (5H, m, 
containing 3H, s, at 3.29 ppm), 3.56-3.93 (8H, m), 4.31 (1H m), 4.47 (0.4H, d, J=7.8 
Hz, anomeric H), 4.55-4.58 (2H, m), 4.61-4.65 (2H, m), 5.08-5.21 (1.6H, m, 
containing 0.6H, d, J=3.9 Hz, at 5.13 ppm, anomeric H), 5.25-5.41 (6H, m), 5.90- 
5.98 (2H, m), 6.17-6.22 (1H, m). 
FABMS (positive-ion) m/z, 801 [M+H] + , 823 [M+Na] + . 
HRFABMS, Calcd. for C^OioPNa: 823.5465. Found: 823.5477. 
[0351] 

(6) (E)-l-Propenyl4-0-diallylphosphono-3-0-[(R)-3-methoxydecyl]-6-0- 
methyl-2-0-[(Z)-l l-octadecenyl]-a,P-D-glucopyranoside (Step AalO) 

A reaction was performed in the same manner as in Example 1(1) using (E)-l- 
propenyl 4-0-diallylphosphono-3-0-[(R)-3-methoxydecyl]-2-0-[(Z)-l 1- 
octadecenyl]-a,(3-D-glucopyranoside obtained in (5) to give the title compound as an 
oil (yield 87%). 

IR v max (film) 2926, 2856, 1681 (w), 1661 (w), 1459 cm" 1 . 

400 MHz *H NMR (CDC1 3 ) 8 0.88 (6H, t, J=6.6 Hz), 1.26 (30H, bs), 1.40-1.46 (2H, 
m), 1.51-1.60 (7H, m), 1.74-1.80 (2H, m), 1.98-2.01 (4H, m), 3.19-3.91 (16H, m, 
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containing two 3H, s, at 3.28 and 3.37 ppm), 4.42 (0.6H, q, J=9.4 Hz), 4.34 (0.4H, q, 

1=9.4 Hz), 4.45 (0.4H, d, J=7.8 Hz), 4.53-4.58 (4H, m), 5.06-5.38 (7.6H, m), 5.88- 

5.97 (2H, m), 6.16-6.22 (1H, m). 

FABMS (positive-ion) m/z, 815 [M+H] + , 837 [M+Na] + . 

HRFABMS, Calcd. for C 45 H 83 OioPNa: 837.5621. Found: 837.5635. 

[0352] 

(7) 4-0-Diallylphosphono-3-0-[(R)-3-methoxydecyl]-6-0-methyl-2-0-[(Z)- 
1 l-octadecenyl]-a,P-D-glucopyranose (Step Aal 1) 

A reaction was performed in the same manner as in Example 1(2) using (E)-l- 
propenyl4-0-diallylphosphono-3-0-[(R)-3-methoxydecyl]-6-0-methyl-2-0-[(Z)-ll- 
octadecenyl]-a,0-D-glucopyranoside obtained in (6) to give the title compound as an 
oil (yield 75%). 

IR v ma x(film) 3354 (br), 2927, 2856, 1464 cm" 1 . 

400 MHz *H NMR (CDCI 3 ) 5 0.88 (6H, t, J=6.6 Hz), 1.26 (32H, bs), 1.40-1.45 (2H, 

m), 1.57-1.61 (2H, m), 1.75-1.81 (2H, m), 1.99-2.04 (4H, m), 3.09-3.40 (16H, m, 

containing two 3H, s, at 3.29 and 3.39 ppm), 3.54-3.88 (7H, m), 4.04-4.29 (3H, m), 

4.54-4.65 (4H, m), 5.24-5.40 (6H, m), 5.91-5.99 (2H, m). 

FABMS (positive-ion) m/z, 775 [M+H] + , 797 [M+Na] + . 

HRFABMS, Calcd. for C 4 2H79O 10 PNa: 797.5309. Found: 797.5279. 

[0353] 

(8) Trichloroacetimidoyl 4-0-diallylphosphono-3-0-[(R)-3-methoxydecyl]-6- 
0-methyl-2-0-[(Z)-l l-octadecenyl]-a,p-D-glucopyranose (Step Aal2) 

A reaction was performed in the same manner as in Example (3) using 4-0- 
diallylphosphono-3-0-[(R)-3-methoxydecyl]-6-0-methyl-2-0-[(Z)-ll-octadecenyl]- 
a,P-D-glucopyranose obtained in (7) to give the title compound as an oil (yield 
100%). 

IR v max (film) 3350-3000, 2927, 2856, 1733, 1674, 1465 cm 4 . 
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400 MHz ! H NMR (CDC1 3 ) 8 0.88 (6H,t, J=6.6 Hz), 1.24-1.55 (34H m), 1.77-1.80 

(2H, m), 1.99-2.05 (4H, m), 3.25-4.00 (16H, m, containing two 3H, s, at 3.30 and 

3.38 ppm), 4.37-4.48 (1H, m), 4.56-4.62 (4H, m), 5.24-5.41 (6H, m), 5.67 (0.5H, d, 

J=7.4 Hz, anomeric H), 5.90-6.00 (2H, m), 6.50 (0.5H, d, J=3.2 Hz, anomeric H), 

8.59 (0.5H, s), 8.66 (0.5H, s). 

FAB MS (positive-ion) m/z, 940 [M+Na] + . 

[0354] 

(9)4-0-(Allyloxycarbonyl)-3-0-decyl-2-deoxy-6-0-[4-0-diallylphosphono- 

3- 0-[(R)-3-methoxydecyl]-6-0-methyl-2-0-[(Z)-ll-octadecenyl]-a-D- 
glucopyranosyl]-2-(3-oxotetradecanoylamino)-a-D-glucopyranose(a-anomer) and 

4- 0-(allyloxycarbonyl)-3-0-decyl-2-deoxy-6-0-[4-0-diallylphosphono-3-0-[(R)-3- 
methoxydecyl]-6-0-methyl-2-0-[(Z)-ll-octadecenyl]-P-D-glucopyranosyl]-2-(3- 
oxotetradecanoylamino)-a-D-glucopyranose (p-anomer) (Step Cal) 

A reaction was performed in the same manner as in Example 1(12) using 
trichloroacetimidoyl 4-0-diallylphosphono-3-0-[(R)-3-methoxydecyl]-6-0-methyl- 
2-0-[(Z)-ll-octadecenyl]-a,p-D-glucopyranoside obtained in (8) to give an a- 
anomer (66 mg, yield 15%) and a p-anomer (143 mg, yield 32%) of the title 
compound as an oily substance, 
physical constant of ot-anomer: 

IR v raa x(film) 3450-3300, 2926, 2854, 1751, 1723 (w), 1646, 1554, 1465 cm' 1 . 
400 MHz 'HNMR (CDCI3) 5 0.86-0.89 (12H, m), 1.26 (62H, bs), 1.40-1.45 (4H, m), 
1.55-1.59 (4H, m), 1.70-1.80 (2H, m), 1.99-2.03 (4H, m), 2.52 (2H, t, J=7.2 Hz), 
3.20-3.91 (25H, m, containing two 3H, s, and 2H, s, at 3.28, 3.38 and 3.39, 
respectively), 4.13-4.24 (2H, m), 4.37 (1H, m, OH), 4.52-4.63 (6H, m), 4.87 (1H, d, 
J=3.5 Hz, anomeric H), 5.13 (1H, t, J=3.1 Hz, changed to a doublet on addition of 
D 2 0, anomeric H), 5.23-5.40 (8H, m), 5.88-5.98 (3H, m), 7.08 (1H, d, J=9.4 Hz, 
NH). 
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FABMS (positive-ion) m/z, 1406 [M+Na] + . 

HRFABMS Calcd. for C 76 Hi 3 8N0 18 PNa: 1406.9550. Found: 1406.9556. 
physical constant of P-anomer: 

IR v max (film) 3307 (w), 2926, 2855, 1754, 1722, 1645, 1555 cm' 1 . 
400 MHz ! H NMR (CDCI3) 5 0.88 (12H, t, J=6.6 Hz), 1.26 (62H, bs), 1.40-1.50 (4H, 
m), 1.50-1.60 (4H, m), 1.75-1.79 (2H, m), 1.99-2.02 (4H, m), 2.52 (2H, t, J=7.4 Hz), 
3.16-3.88 (25H, m, containing two 3H, s, and 2H, s, at 3.28, 3.38 and 3.40, 
respectively), 4.20 (1H, m), 4.31 (1H, m), 4.37 (1H, d, J=7.0 Hz, anomeric H), 4.54- 
4.64 (6H, m), 5.20 (1H, m, changed to a doublet, J=3.1 Hz, on addition of D 2 0, 
anomeric H), 5.25-5.39 (8H, m), 5.89-5.98 (3H, m), 7.12 (1H, d, 1=9.3 Hz, NH). 
FABMS (positive-ion) m/z, 1406 [M+Na] + . 

HRFABMS Calcd. for CveHngNOjgPNa: 1406.9550. Found: 1406.9575. 
[0355] 

( 1 0) Diallylphosphono 4-0-(allyloxycarbonyl)-3-0-decyl-2-deoxy-6-0-[4-0- 
diallylphosphono-3-0-[(R)-3-methoxydecyl]-6-0-methyl-2-0-[(Z)-ll-octadecenyl]- 
p-D-glucopyranosyl]-2-(3-oxotetradecanoylamino)-a-D-glucopyranoside (Step Ca2) 

A reaction was performed in the same manner as in Example 1(13) using 4-0- 
(allyloxycarbonyl)-3-0-decyl-2-deoxy-6-0-[4-0-diallylphosphono-3-0-[(R)-3- 
methoxydecyl]-6-0-methyl-2-0-[(Z)-ll-octadecenyl]-p-D-glucopyranosyl]-2-(3- 
oxotetradecanoylamino)-a-D-glucopyranose obtained in (9) to give the title 
compound as an oil (yield 58%). 

IR v max (film) 3293, 3086 (w), 2926, 2856, 1757, 1721, 1678, 1650, 1552, 1464 cm" 1 . 
400 MHz *H NMR (CDC1 3 ) 5 0.86-0.89 (12H, m), 1.25 (62H, bs), 1.40-1.49 (4H, m), 
1.52-1.60 (4H, m), 1.74-1.79 (2H, m), 2.00-2.13 (4H, m), 2.48-2.54 (2H, m), 3.11 
(1H, dd, J=7.8, 8.6 Hz), 3.23 (1H, m), 3.28 (3H, s), 3.31-3.38 [22H, m, containing 
3H, s, 2H, s, and 1H, d, J=7.4 Hz (anomeric H), at 3.37, 3.40, and 4.27 ppm, 
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respectively], 4.54-4.65 (10H, m), 4.84 (1H, m), 5.23-5.42 (12H, m), 5.72 (1H, dd, 

J=3.1, 6.3 Hz, anomeric H), 5.87-6.01 (5H, m), 7.41 (1H, d, J=8.6 Hz, NH). 

FABMS (positive-ion) m/z, 1366, 1406, 1566 [M+Na] + . 

HRFABMS Calcd. for CeH^NOjiPjNa: 1566.9838. Found: 1566.9841. 

[0356] 

(1 1) Phosphono 3-0-decyl-2-deoxy-6-0-[3-0-[(R)-3-methoxydecyl]-6-0- 
methyl-2-0-[(Z)-ll-octadecenyl]-4-0-phosphono-P-D-gIucopyranosyl]-2-(3- 
oxotetradecanoylamino)-a-D-glucopyranoside (Step Ca3) 

A reaction was performed in the same manner as in Example 1(14) using 
diallylphosphono 4-0-(allyloxycarbonyl)-3-0-decyl-2-deoxy-6-0-[4-0- 
diallylphosphono-3-0-[(R)-3-methoxydecyl]-6-0-methyl-2-0-[(Z)-ll-octadecenyl]- 
P-D-glucopyranosyl]-2-(3 -oxotetradecanoylamino)-a-D-glucopyranoside obtained in 
(10) to give the title compound in the form of wax (yield 60%). 
IR v max (KBr) 3296 (w, br), 2924, 2853, 1717, 1649, 1546, 1466 cm -1 . 
400 MHz 'HNMR (CDCI3+CD3OD, 4:1) 5 0.86-0.90 (12H, m), 1.26-1.28 (62H, bs), 
1.51-1.60 (8H, m), 1.81-1.85 (2H, m), 1.99-2.04 (4H, m), 2.54-2.58 (2H, m), 3.14 
(1H, m), 3.28-4.11 (26H, m, containing two 3H, s, at 3.34 (C 6 -OMe) and 3.40 (side 
chain OMe) ppm), 4.39 (1H, d, J=7.4 Hz, anomeric H), 5.34-5.39 (2H, m, olefmic H), 
5.53 (1H, dd, J=3.1, 6.9 Hz, anomeric H). 
FABMS (negative-ion) m/z, 1298 [M-H]". 

Anal. Calcd. for CeeHmNO^ (1300.7): C, 60.95; H, 9.84; N, 1.08; P, 4.76. Found: 
C, 60.78; H, 9.61; N, 1.32; P, 4.53. 



2004-002902 



[0357] 
[Example 3] 

Phosphono 3-0-decyl-2-deoxy-6-0-[3-0-[(R)-3-methoxydecyl]-2-0-[(Z)- 1 1 - 
octadecenoyl]-4-0-phosphono-p-D-glucopyranosyI]-2-(3-oxotetradecanoylamino)- 
a-D-glucopyranoside (Compound No. 3) 

(1) (E)-l-Propenyl 6-0-(allyloxycarbonyl)-3-0-[(R)-3-methoxydecyl]-2-0- 
[(Z)-ll-octadecenoyl]-a,p-D-glucopyranoside (Step Abl) 

(E)- 1 -Propenyl 3-0-[(R)-3-methoxydecy l]-2-0-[(Z)- 1 1 -octadecenoyl]-a,p-D- 
glucopyranoside (1.49 g, 2.275 mmol) and pyridine (5 g) were dissolved in 
methylene chloride (90 mL). Allyl chloroformate (5.00 g, 41.48 mmol) was added 
dropwise to the solution at 0°C, and the mixture was stirred at the same temperature 
for 30 minutes. The reaction solution was diluted with methylene chloride, washed 
with sodium bicarbonate solution and brine, dried over magnesium sulfate, filtrated 
and concentrated. The resulting residue was purified by silica gel chromatography 
(eluent: cyclohexane/ethyl acetate =4/1) to give an anomer mixture of the title 
compound as an oil (1 .52 g, yield 90%). Part of the mixture could be separated into 
an a-anomer and a P-anomer using silica gel thin layer chromatography, 
a-anomer (Rf=0.353, cyclohexane: EtOAc = 4:1): 
IR v max (film) 3500-3400, 2927, 2856, 1749, 1680 (w), 1660 (w) cm" 1 . 
400 MHz l U NMR (CDC1 3 ) 5 0.88 (6H, t, J=6.6 Hz), 1.28 (30H, bs), 1.40-1.48 (4H, 
m), 1.54 (3H, dd, J=1.6, 7.0 Hz), 1.57-1.65 (2H, m), 1.67-1.76 (2H, m), 1.98-2.03 
(4H, m), 2.31-2.40 (2H, m), 3.30 (3H, s), 3.34 (1H, m), 3.55 (1H, m), 3.65-3.74 (3H, 
m), 3.83 (1H, m), 3.95 (1H, m), 4.40 (1H, d, J=3.5 Hz, anomeric H), 4.63 (1H, td, 
J=1.2, 5.0 Hz), 4.72 (1H, dd, J=3.5, 10.2 Hz), 5.15 (1H, m), 5.22 (1H d, J=3.9 Hz), 
5.25-5.39 (4H, m), 5.93 (1H, m), 6.11 (1H, dd, J=1.6, 12.1 Hz). 
FABMS (positive-ion) m/z, 681, 739 [M+H] + , 761 [M+Na] + . 
p-anomer (Rf=0.265, cyclohexane:EtOAc=4:l): 
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IR v max (film) 3500-3400, 2927, 2856, 1752, 1682 (w), 1662 (w) cm" 1 . 

400 MHz l U NMR (CDC1 3 ) 5 0.88 (6H, t, JM6.6 Hz), 1.27 (30H, bs), 1.40-1.48 (4H, 

m), 1.53 (3H, d, J=7.0 Hz), 1.60-1.64 (2H, m), 1.68-1.72 (2H, m), 1.99-2.10 (4H, m), 

2.31-2.34 (2H, m), 3.29 (3H, s), 3.31-3.39 (2H, m), 3.56-3.64 (3H, m), 3.80-3.85 (2H, 

m), 4.36 (1H, m), 4.50 (1H, d, J=11.7 Hz), 4.56 (1H, d, JK7.8 Hz), 4.64 (1H, dd, 

J=1.0, 5.7 Hz), 4.98 (1H, t, J=9.0 Hz), 5.08 (1H, m), 5.27-5.39 (4H, m), 5.93 (1H, m), 

6.18 (1H, d, J=12.0Hz). 

FABMS (positive-ion) m/z, 681, 761 [M+Na] + . 

[0358] 

(2)(E)-l-Propenyl 6-0-(allyloxycarbonyl)-4-0-diallylphosphono-3-0-[(R)-3- 
methoxydecyl]-2-0-[(Z)-l l-octadecenoyl]-a,P-D-glucopyranoside (Step Ab2) 

A reaction was performed in the same manner as in Reference Example 7 
using (E)- 1 -propenyl 6-0-(allyloxycarbonyl)-3-0-[(R)-3-methoxydecyl]-2-0-[(Z)- 
ll-octadecenoyl]-a,p-D-glucopyranoside obtained in (1) to give an anomer mixture 
of the title compound as an oil (yield 95%). Part of the mixture could be separated 
into an a-anomer and a p-anomer using silica gel thin layer chromatography, 
ot-anomer (Rf=0.395, cyclohexane:EtOAc=3:l): 
IR v ra ax(film) 2927, 2856, 1750, 1680 (w) cm' 1 . 

400 MHz X H NMR (CDCI3) 5 0.88 (6H, t, J=6.6 Hz), 1.27 (30H, bs), 1.40-1.48 (2H, 
m), 1.54 (3H, d, J=5.8 Hz), 1.61-1.78 (4H, m), 1.99-2.04 (4H, m), 2.32-2.40 (2H, m), 
3.25 (1H, m), 3.26 (3H, s), 3.77-3.94 (4H, m), 4.31-4.38 (2H, m), 4.46 (1H, dd, J=2.0, 
1 1.7 Hz), 4.56-4.63 (6H, m), 4.76 (1H, dd, J=3.9, 9.8 Hz), 5.17 (1H, m), 5.20 (1H, d, 
J=3.9 Hz), 5.24-5.39 (8H, m), 5.89-5.98 (3H, m), 6.10 (1H, dd, J=2.0, 12.7 Hz). 
FABMS (positive-ion) m/z, 899 [M+H] + , 921 [M+Na] + . 
HRFABMS Calcd. for C 4 8H 8 308PNa: 921.5469. Found: 921.5450. 
p-anomer (Rf=0.303, cyclohexane:EtOAc=3:l): 
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400 MHz ! H NMR (CDC1 3 ) 5 0.86-0.88 (6H, m), 1.26 (30H, bs), 1.40-1.48 (2H, m), 
1.53 (3H, d, J=8.8 Hz), 1.60-1.76 (4H, m), 1.99-2.08 (4H, m), 2.32-2.39 (2H, m), 
3.23 (1H, m), 3.26 (3H, m), 3.58 (1H, t, J=8.8 Hz), 3.66-3.80 (3H, m), 4.32-4.38 (2H, 
m), 4.53-4.59 (7H, m), 4.62 (1H, d, J=5.9 Hz), 5.01 (1H, t, J=8.3 Hz), 5.08 (1H, m), 
5.25-5.39 (8H, m), 5.90-5.97 (3H, m), 6.16 (1H, dd, J=2.0, 12.7 Hz). 
[0359] 

(3) 6-0-(Allyloxycarbonyl)-4-0-diallylphosphono-3-0-[(R)-3- 
methoxydecyl]-2-0-[(Z)-l l-octadecenoyl]-a,P-D-glucopyranoside (Step Ab3) 

A reaction was performed in the same manner as in Example 1(2) using (E)-l- 
propenyl 6-0-(allyloxycarbonyl)-4-0-diallylphosphono-3-0-[(R)-3-methoxydecyl]- 
2-0-[(Z)-l l-octadecenoyl]-a,p-D-glucopyranoside obtained in (2) to give the title 
compound as an oil (yield 81%). 
IR VrcaxCfilm) 3324, 2927, 2856, 1750, 1460 cm" 1 . 

400 MHz ! H NMR (CDC1 3 ) 5 0.88 (6H, t, J=6.6 Hz), 1.27 (30H, bs), 1.42-1.50 (2H, 
m), 1.58-1.77 (4H, m), 1.99-2.02 (4H, m), 2.36-2.40 (2H, m), 2.86 (1H, bs, OH), 
3.25 (1H, m), 3.26 (3H, s), 3.76-3.79 (2H, m), 3.87 (1H, t, J=9.2 Hz), 4.20 (1H, m), 
4.28-4.37 (3H, m), 4.51-4.64 (7H, m), 4.76 (1H, dd, J=3.5, 9.8 Hz), 5.24-5.39 (8H, 
m), 5.88-5.99 (3H, m). 

FABMS (positive-ion) m/z, 859 [M+H] + , 881 [M+Na] + . 
HRFABMS Calcd. for C 4 5H 7 90i 3 PNa: 881.5156. Found: 881.5153. 
[0360] 

(4) Trichloroacetimidoyl 6-0-(alIyloxycarbonyl)-4-0-dially lphosphono-3 -O- 
[(R)-3-methoxydecyl]-2-0-[(Z)-ll-octadecenoyl]-a,p-D-glucopyranoside (Step 
Ab4) 

A reaction was performed in the same manner as in Example 1(3) using 6-0- 
(allyloxycarbonyl)-4-0-diallylphosphono-3-0-[(R)-3-methoxydecyl]-2-0-[(Z)-ll- 
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octadecenoyl]-a,(3-D-glucopyranoside obtained in (3) to give the title compound as 
an oil (yield 98%, a 7:3 anomer mixture). 

IR v m ax(film) 3348 (w), 2928, 2856, 1752, 1677, 1651 (w), 1460 cm' 1 . 

400 MHz l H NMR (CDC1 3 ) 8 0.86-0.90 (6H, m), 1.24-1.28 (30H, m), 1.41-1.45 (2H, 

m), 1.58-1.77 (4H, m), 1.99-2.04 (4H, m), 2.28-2.32 (2H, m), 3.24 (1H, m), 3.26 (3H, 

s), 3.67-4.15 (5H, m), 4.36-4.62 (8H, m), 4.99 (1H, dd, J-3.5, 8.8 Hz), 5.24-5.40 (8H, 

m), 5.83 (0.3H, d, J=7.4 Hz, anomericH), 5.88-5.99 (3H, m), 6.49 (0.7H, d, J=3.9 Hz, 

anomeric H), 8.63 (0.7H, s), 8.65 (0.3H, s). 

FABMS (positive-ion) m/z, 1026, 1024 [M+Na] + . 

[0361] 

(5) 4-0-(Allyloxycarbonyl)-3-0-decyl-2-deoxy-6-0-[6-0-(allyloxycarbonyl)- 
4-0-diallylphosphono-3-0-[(R)-3-methoxydecyl]-2-0-[(Z)-ll-octadecenoyl]-P-D- 
glucopyranosyl]-2-(3-oxotetradecanoylamino)-a-D-glucopyranose (Step Ca 1 ) 

A reaction was performed in the same manner as in Example 1(12) using 
trichloroacetimidoyl 6-0-(allyloxycarbonyl)-4-0-diallylphosphono-3-0-[(R)-3- 
methoxydecyl]-2-0-[(Z)-ll-octadecenoyl]-a,p-D-glucopyranoside obtained in (4) to 
give the title compound as an oil (yield 54%). 

IR v max (film) 3293, 3085 (w), 2924, 2854, 1752, 1729 (shoulder), 1707 (shoulder), 
1635, 1557, 1466 cm* 1 . 

400 MHz ! H NMR (CDC1 3 ) 5 0.86-0.89 (12H, m), 1.26 (60H, bs), 1.40-1.50 (4H, m), 
1.52-1.75 (6H, m), 2.01-2.04 (4H, m), 2.33-2.35 (2H, m), 2.50-2.54 (2H, m), 3.25 
(1H, m), 3.26 (3H, s), 3.39 (2H, s), 3.44-3.76 (11H, m), 4.1 1-4.65 (14H, m), 4.92 
(1H, t, J=7.0 Hz), 5.18 (1H, s), 5.24-5.39 (10H, m), 5.90-6.00 (4H, m), 7.13 (1H, d, 
J=9.4 Hz, NH). 

FABMS (positive-ion) m/z, 1490 [M+Na] + . 

HRFABMS Calcd. for CTgHngNC^iPNa: 1490.9397. Found: 1490.9419. 
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[0362] 

(6) Diallylphosphono 4-0-(allyloxycarbonyl)-3-0-decyl-2-deoxy-6-0-[6-0- 
(allyloxycarbonyl)-4-0-diallylphosphono-3-0-[(R)-3-methoxydecyl]-2-0-[(Z)-ll- 
octadecenoyl]-(3-D-glucopyranosyl]-2-(3-oxotetradecanoylamino)-a-D- 
glucopyranoside (Step Ca2) 

A reaction was performed in the same manner as in Example 1(13) using 4-0- 
(allyloxycarbonyl)-3-0-decyl-2-deoxy-6-0-[6-0-(allyloxycarbonyl)-4-0- 
diallylphosphono-3-0-[(R)-3-methoxydecyl]-2-0-[(Z)-ll-octadecenoyl]-p-D- 
glucopyranosyl]-2-(3-oxotetradecanoylamino)-a-D-glucopyranose obtained in (5) to 
give the title compound as an oil (yield 70%). 

IR v ma x(film) 3289 (w), 3086 (w), 2926, 2856, 1754, 1679, 1650, 1552, 1462 cm" 1 . 

400 MHz 'HNMR (CDC1 3 ) 5 0.86-0.89 (12H, m), 1.25 (60H, bs), 1.40-1.46 (4H, m), 

1.50-1.70 (6H, m), 1.99-2.03 (4H, m), 2.34 (1H, m), 2.40 (1H, m), 2.42-2.51 (2H, m), 

3.22 (1H, m), 3.25 (3H, s), 3.39 (2H, s), 3.51-3.72 (10H, m), 3.92 (1H, m), 4.08 (1H, 

m), 4.25-4.35 (2H, m), 4.42 (1H, d, J=8.2 Hz, anomeric H), 4.57-4.65 (12H, m), 4.76 

(1H, m), 4.90 (1H, m), 5.24-5.42 (14H, m), 5.70 (1H, m, anomeric H), 5.90-5.99 (6H, 

m), 7.38 (1H, d, J=8.2 Hz, NH). 

FABMS (positive-ion) m/z, 1450, 1650 [M+Na] + . 

HRFABMS Calcd. for CgjH^NO^Na: 1650.9686. Found: 1650.9692. 

[0363] 

(7) Phosphono3-0-decyl-2-deoxy-6-0-[3-0-[(R)-3-methoxydecyl]-2-0-[(Z)- 
1 1 -octadecenoyl]-4-0-phosphono-p-D-glucopyranosyl]-2-(3- 
oxotetradecanoylamino)-a-D-glucopyranoside (Step Ca3) 

A reaction was performed in the same manner as in Example 1(14) using 
diallylphosphono 4-0-(allyloxycarbonyl)-3-0-decyl-2-deoxy-6-0-[6-0- 
(allyloxycarbonyl)-4-0-diallylphosphono-3-0-[(R)-3-methoxydecyl]-2-0-[(Z)-ll- 
octadecenoyl]-p-D-glucopyranosyl]-2-(3-oxotetradecanoylamino)-a-D- 
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glucopyranoside obtained in (6) to give the title compound in the form of wax (yield 
57%). 

IR v max (KBr) 3299 (br), 2955, 2924, 2853, 1722, 1650, 1545, 1467 cm' 1 . 

400 MHz *H NMR (CDCI3+CD3OD, 5:1) 8 0.87-0.90 (12H, m), 1.26 (60H, bs), 

1.42-1.70 (8H, m), 1.70-1.76 (2H, m), 1.98-2.02 (4H, m), 2.35-2.40 (2H, m), 2.54- 

2.57 (2H, m), 3.26-4.11 (21H, m, containing 3H, s, and 2H, s, at 3.31 and 3.38 ppm, 

respectively), 4.24 (1H, m), 4.50 (1H, d, J=7.4 Hz, anomeric H), 4.86 (1H, m), 5.35- 

5.39 (2H, m), 5.49 (1H, m, anomeric H). 

FABMS (negative-ion) m/z, 1298 [M-H]\ 

Anal. Calcd. for CesHnaNOzoP^HiO: C, 57.63; H, 9.60; N, 1.03; P, 4.57. Found: C, 
57.59; H, 9.38; N, 1.29; P, 4.49. 
[0364] 
[Example 4] 

Phosphono3-0-decyl-2-deoxy-6-0-[3-0-[(R)-3-methoxydecyl]-2-0-[(Z)-ll- 
octadecenyl]-4-0-phosphono-P-D-glucopyranosyl]-2-(3-oxotetradecanoylamino)-a- 
D-glucopyranoside (Compound No. 4) 

( 1 ) (E)- 1 -Propenyl 6-0-(ally loxycarbonyl)-3 -0-[(R)-3 -methoxydecyl]-2-0- 
[(Z)-ll-octadecenyl]-a,P-D-glucopyranoside (Step Abl) 

A reaction was performed in the same manner as in Example 3(1) using (E)-l- 
propenyl6-0-(t-butyldimethylsilyl)-3-0-[(R)-3-methoxydecyl]-2-0-[(Z)-ll- 
octadecenyl]-a,P-D-glucopyranoside (a 1:1 anomer mixture) obtained in Example 
2(3) to give the title compound as an oil (yield 64%). 
IR v max (film) 3500-3400, 2927, 2856, 1752, 1681 (w), 1661 (w), 1458 cm" 1 . 
400 MHz *H NMR (CDCI3) 5 0.88 (6H, t, J=6.6 Hz), 1.24-1.38 (3 OH, m), 1.42-1.49 
(4H, m), 1.54-1.62 (7H, m), 1.71-1.79 (2H, m), 1.99-2.05 (4H, m), 3.18 (1H, m), 
3.27-3.82 (1 1H, m, containing 3H, s, at 3.31 ppm), 4.08 (1H, m), 4.30-4.50 (1.5H, m, 
containing 0.5H anomeric H), 4.62-4.64 (2H, m), 5.08-5.23 (1.5H, m, containing 
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0.5H, d, J=3.5 Hz, at 5.12 ppm, anomeric H), 5.25-5.39 (4H, m), 5.88-5.98 (1H, m), 
6. 1 3-6.24 (lH,m). 

FABMS (positive-ion) m/z, 725 [M+H] + , 747 [M+Na] + . 
[0365] 

(2) (E)-l-Propenyl 6-0-(allyloxycarbonyl)-4-0-diallylphosphono-3-0-[(R)-3- 
methoxydecyl]-2-0-[(Z)-l l-octadecenyl]-a,p-D-glucopyranoside (Step Ab2) 

A reaction was performed in the same manner as in Reference Example 7 
using (E)-l-propenyl 6-0-(allyloxycarbonyl)-3-0-[(R)-3-methoxydecyl]-2-0-[(Z)- 
1 l-octadecenyl]-a,P-D-glucopyranoside (a 1:1 anomer mixture) obtained in (1) to 
give the title compound as an oil (yield 85%, a 3:2 anomer mixture). 
IR v max (film) 2927, 2856, 1753, 1680 (w), 1660-1651 (w), 1460 cm' 1 . 
400 MHz l H NMR (CDC1 3 ) 5 0.88 (6H, t, J=6.6 Hz), 1.26 (32H, bs), 1.40-1.45 (2H, 
m), 1.54-1.60 (5H, m, containing 3H, dd, J=1.6, 6.6 Hz, at 1.55 ppm), 1.75-1.80 (2H, 
m), 1.99-2.05 (4H, m), 3.24 (1H, m), 3.29 (3H, s), 3.31-3.38 (1H, m), 3.56-3.92 (7H, 
m), 4.21-4.52 (2.4H, m, containing 0.4H, d, J=7.8 Hz, at 4.47 ppm, anomeric H), 
4.56-4.63 (6H, m), 5.09-5.20 (1.6H, m, containing 0.6H, d, J=3.9 Hz, at 5.10 ppm, 
anomeric H), 5.23-5.39 (8H, m), 5.87-5.97 (3H, m), 6.16-6.20 (1H, m). 
FABMS (positive-ion) m/z, 461, 885 [M+H] + , 907 [M+Na] + . 
HRFABMS Calcd. for C48H 8 50i 2 PNa: 907.5677. Found: 907.5654. 
[0366] 

(3) 6-0-(Allyloxycarbonyl)-4-0-diallylphosphono-3-0-[(R)-3- 
methoxydecyl]-2-0-[(Z)- 1 l-octadecenyl]-a,p-D-glucopyranoside (Step Ab3) 

A reaction was performed in the same manner as in Example 1(2) using (E)-l- 
propenyI6-0-(allyloxycarbonyl)-4-0-diallylphosphono-3-0-[(R)-3-methoxydecyl]- 
2-0-[(Z)-l l-octadecenyl]-a,p-D-glucopyranoside (a 3:2 anomer mixture) obtained 
in (2) to give the title compound as an oil (yield 78%, an anomer mixture). 
IRv nJ ax(film) 3338 (br), 2927, 2856, 1753, 1650 (w), 1460 cm" 1 . 
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400 MHz 'H NMR (CDCI 3 ) 5 0.88 (6H, t, J=6.7 Hz), 1.27 (32H, bs), 1.42-1.46 (2H, 

m), 1.59-1.63 (2H, m), 1.75-1.79 (2H, m), 1.99-2.02 (4H, m), 3.12-3.42 (6H, m, 

containing 3H, s, at 3.29 ppm), 3.60-3.69 (2H, m), 3.78-3.87 (2H, m), 4.16-4.53 (4H, 

m), 4.56-4.63 (6H, m), 5.23-5.39 (9H, m), 5.87-5.97 (3H, m). 

FABMS (positive-ion) m/z, 845 [M+H] + , 867 [M+Na] + . 

HRFABMS Calcd. for C 45 H 8 iOi 2 PNa: 867.5363. Found: 867.5362. 

[0367] 

(4) Trichloroacetimidoyl 6-0-(allyloxycarbonyl)-4-0-diallylphosphono-3-0- 
[(R)-3-methoxydecyl]-2-0-[(Z)-l l-octadecenyl]-a,P-D-glucopyranoside (Step Ab4) 

A reaction was performed in the same manner as in Example 1(3), using 6-0- 
(allyloxycarbonyl)-4-0-diallylphosphono-3-0-[(R)-3-methoxydecyl]-2-0-[(Z)-ll- 
octadecenyl]-a,P-D-glucopyranoside obtained in (3) to give the title compound as an 
oil (yield 100%, a 1:1 anomer mixture). 

IR v max (film) 3350-3080, 2928, 2856, 1752, 1675, 1651 (w), 1611 (w)cm _1 . 
400 MHz *H NMR (CDCI3) 5 0.88 (6H, t, J=6.7 Hz), 1.22-1.29 (32H, m), 1.43-1.53 
(4H, m), 1.74-1.82 (2H, m), 1.99-2.04 (4H, m), 3.25 (1H, m), 3.30 (3H, s), 3.44-4.11 
(7H, m), 4.33-4.51 (3H, m), 4.56-4.62 (6H, m), 5.23-5.40 (8H, m), 5.71 (0.5H, d, 
J=7.4 Hz, anomeric H), 5.86-5.99 (3H, m), 6.48 (0.5H, d, J=3.5 Hz, anomeric H), 
8.61 (0.5H, s), 8.66 (0.5H, s). 

FABMS (positive-ion) m/z, 827, 1010 [ 35 C1, M+H] + , 1012 [M+H] + . 
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(5) 4-0-(Allyloxycarbonyl)-3-0-decyl-2-deoxy-6-0-[6-0-(allyloxycarbonyl)- 
4-0-diallylphosphono-3-0-[(R)-3-methoxydecyl]-2-0-[(Z)-ll-octadecenyl]-a-D- 
glucopyranosyl]-2-(3-oxotetradecanoylamino)-a-D-glucopyranoside (a-anomer) and 
4-0-(allyloxycarbonyl)-3-0-decyl-2-deoxy-6-0-[6-0-(allyloxycarbonyl)-4-0- 
diallylphosphono-3-0-[(R)-3-methoxydecyl]-2-0-[(Z)-ll-octadecenyI]-(3-D- 
glucopyranosyl]-2-(3-oxotetradecanoylarnino)-a-D-glucopyranoside (P-anomer) 
(Step Cal) 

A reaction was performed in the same manner as in Example 1(12) using 
trichloroacetimidoyl 6-0-(allyloxycarbonyl)-4-0-diallylphosphono-3-0-[(R)-3- 
methoxydecyl]-2-0-[(Z)-ll-octadecenyl]-a,P-D-glucopyranoside obtained in (4) to 
give an a-anomer (543 mg, yield 53%) and a p-anomer (280 mg, yield 28%) of the 
title compound as an oil. 
physical constant of a-anomer: 

IR Vmax(film) 3380-3080, 2927, 2856, 1752, 1725, 1690-1672 cm' 1 . 
400 MHz *H NMR (CDC1 3 ) 8 0.86-0.90 (12H, m), 1 .26 (62H, bs), 1.40-1.46 (4H, m), 
1.53-1.80 (4H, m), 1.70-1.80 (2H, m), 1.98-2.05 (4H, m), 2.53 (2H, t, J=7.4 Hz), 
3.21-3.93 (19H, m, containing 3H, s, at 3.28 ppm), 4.15-4.41 (4H, m, containing OH), 
4.49-4.64 (10H, m), 4.87 (1H, d, J=3.1 Hz, anomericH), 5.16 (1H, d, J=3.9 Hz, 
anomeric H), 5.21-5.40 (10H, m), 5.87-5.99 (4H, m), 7.15 (1H, d, J=9.4 Hz, NH). 
FABMS (positive-ion) m/z, 867, 1476 [M+Na] + . 
physical constant of P-anomer: 

IR v max (film) 3312 (w, br), 2926, 2855, 1754, 1650, 1547 cm -1 . 
400 MHz J H NMR (CDC1 3 ) 5 0.88 (12H, t, J=6.6 Hz), 1.26 (62H, bs), 1.40-1.50 (4H, 
m), 1.52-1.60 (4H, m), 2.52 (2H, t, J=7.4 Hz), 3.19 (1H, t, J=8.0 Hz), 3.26 (1H, m), 
3.29 (3H, s), 3.35 (1H, m), 3.37, 3.42 (2H, AB-q, J=14.3 Hz), 3.50-3.89 (1 1H, m), 
4.20 (lH dt, J=3.4, 10.0 Hz), 4.27-4.39 (2H, m, containing anomeric H), 4.36 (1H, d, 
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J=7.4 Hz, anomeric H), 4.43 (1H, bs, OH), 4.56-4.66 (10H, m), 5.22-5.40 (1 1H, m), 
5.88-5.98 (4H, m), 7.18 (1H, d, J=9.4 Hz, NH). 
FABMS (positive-ion) m/z, 1476 [M+Na] + . 

HRFABMS Calcd. for C 7 9Hi4oN0 2 oPNa: 1476.9604. Found: 1476.9606. 
[0368] 

(6) Diallylphosphono 4-0-(allyloxycarbonyl)-3-0-decyl-2-deoxy-6-0-[6-0- 
(allyloxycarbonyl)-4-0-diallylphosphono-3-0-[(R)-3-methoxydecyl]-2-0-[(Z)-ll- 
octadecenyl]-p-D-glucopyranosyl]-2-(3-oxotetradecanoylamino)-a-D- 
glucopyranoside (Step Ca2) 

A reaction was performed in the same manner as in Example 1(13) using 4-0- 
(allyloxycarbonyl)-3-0-decyl-2-deoxy-6-0-[6-0-(allyloxycarbonyl)-4-0- 
diallylphosphono-3-0-[(R)-3-methoxydecyl]-2-0-[(Z)-ll-octadecenyl]-p-D- 
glucopyranosyl]-2-(3-oxotetradecanoylamino)-a-D-glucopyranoside obtained in (5) 
to give the title compound as an oil (yield 61%). 

IR v ra a X (film) 3294 (w), 3089 (w), 2926, 2856, 1754, 1678 (w), 1650 (w), 1550 (w) 
cm" 1 . 

400 MHz X HNMR (CDC1 3 ) 5 0.86-0.90 (12H, m), 1.26 (62H, bs), 1.42-1.46 (4H, m), 

1.51-1.57 (4H, m), 1.74-1.80 (2H, m), 2.00-2.02 (4H, m), 2.48-2.51 (2H, m), 3.13 

(1H, m), 3.23 (1H, m), 3.29 (3H, s), 3.35 (1H, t, J=9.0 Hz), 3.40 (2H, s), 3.50-4.29 

(14H, m), 4.50-4.65 (14H, m), 4.84 (1H, t, J=9.5 Hz), 5.22-5.42 (14H, m), 5.72 (1H, 

dd, J=3.1, 6.3 Hz), 5.89-5.98 (6H, m), 7.42 (1H, d, J=9.0 Hz, NH). 

FABMS (positive-ion) m/z, 1436, 1636 [M+Na] + . 

HRFABMS Calcd. for CgsH^M^Na: 1636.9894. Found: 1636.9932. 
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[0369] 

(7) Phosphono3-0-decyl-2-deoxy-6-0-[3-0-[(R)-3-methoxydecyl]-2-0-[(Z)- 
ll-octadecenyI]-4-0-phosphono-p-D-glucopyranosyl]-2-(3-oxotetradecanoylamino)- 
a-D-glucopyranoside (Step Ca3) 

A reaction was performed in the same manner as in Example 1(14) except that 
the reaction temperature was 35°C and diallylphosphono 4-0-(allyloxycarbonyl)-3- 
0-decyl-2-deoxy-6-0-[6-0-(allyloxycarbonyl)-4-0-diallylphosphono-3-0-[(R)-3- 
methoxydecyl]-2-0-[(Z)-ll-octadecenyl]-p-D-glucopyranosyl]-2-(3- 
oxotetradecanoylamino)-a-D-glucopyranoside obtained in (6) was used to give the 
title compound in the form of wax (yield 66%). 
IR ^(KBr) 3700-3000, 2925, 2854, 1717, 1652, 1543, 1466 cm' 1 . 
400 MHz ! HNMR (CDCI3+CD3OD, 5:1) 6 0.88 (6H, t, J=6.6 Hz), 0.89 (6H, t, J=6.6 
Hz), 1.22-1.34 (62H m), 1.50-1.58 (8H, m), 1.78-1.84 (2H, m), 1.99-2.04 (4H, m), 
2.55 (2H, t, J=7.2 Hz), 3.14 (1H, t, J=8.4 Hz), 3.31-3.38 (6H, m, containing 3H, s, at 
3.34 ppm), 3.50 (1H, d, J=9.8 Hz), 3.60-4.15 (16H, m), 4.39 (1H, d, J=7.4 Hz, 
anomeric H), 5.31-5.39 (2H, m), 5.52 (1H, q, J=3.1 Hz, anomericH). 
FABMS (negative-ion) m/z, 1284 [M-H]". 

Anal. Calcd. for CesH^NOigP^HjO: C, 59.03; H 9.83; N, 1.06; P, 4.68. Found: C, 

59.10; H, 9.77; N, 1.07; P, 4.29. 

[0370] 

[Test Example 1] 

Test for inhibition against TNFa production in human whole blood (in vitro) 
This test was performed according to the method by Hartman et al. (D. A. 
Hartman, S.J. Ochalski and R.P. Carlson; The effects of antiinflammatory and 
antiallergic drugs on cytokine release after stimulation of human whole blood by 
lipopolysaccharide and zymosan A: Inflamm. Res., 44, 269 (1995)). 
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[0371] 

Peripheral blood was obtained from a healthy volunteer in the presence of 
heparin. 360 uL of whole blood was added to a 96-well block to which 20 uL of a 
dimethyl sulfoxide solution of the analyte compound was previously added. 20 uL 
of lipopolysaccharide (LPS) (derived from E.coli 026:B6 available from Difco 
Inc.)(final concentration: 10 ng/mL) was further added thereto as a stimulant, and the 
mixture was sufficiently mixed and incubated under conditions of 37°C and 5% C0 2 
for 6 hours. After completion of the incubation, the mixture was cooled to 4°C to 
discontinue the reaction, and the mixture was immediately centrifuged at 2000 rpm 
for 1 5 minutes. The supernatant plasma was then separated and collected. The 
TNFa produced and released in the plasma was measured by an enzyme-linked 
immunosorbent assay (ELISA) kit (made by Biosource International). The inhibition 
rate was determined from the amount of cytokine produced in the presence and in the 
absence of the analyte compound. IC50 values were calculated from the average of 
the inhibition rates by the least-square method. The results are shown in Table 1. 
For comparison, an IC 50 value was calculated in the same manner as in the case of 
the test compound, using a compound described in U.S. Patent No. 5935938 as a 
comparative compound. The structural formula of the comparative compound is 
shown. 
[0372] 

[Formula 18] 
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[0373] 
[Table 1] 

Test Compound IC 50 (nM) 

Compound 1 0.49 

Compound 2 0.51 

Compound 3 0.65 

Comparative Compound 0.97 



[Test Example 2] 

Test for inhibitory activity against TNFa production in mice (in vivo) 
This test was performed according to the method by Y. Endo et al. (British 

Journal of Pharmacology 128, 5-12 (1999)). 

[0374] 

A group of five C3H/HeN mice (male, 7-week old) known to be highly 
sensitive to lipopolysaccharide (LPS) was used. Galactosamine (GalN, 1 g/5 mL) 
and LPS (0.05 mg/5 mL) were each dissolved in normal saline, and they were mixed 
in equal amounts to prepare a GalN LPS solution. The prepared GalN- LPS solution 
was injected into the tail vein at a rate of 10 mL/kg. The test compound was 
dissolved in a 0.1% aqueous triethylamine solution and the mixture was injected into 
the tail vein at a rate of 10 mL/kg substantially simultaneously with the injection of 
the GalN-LPS solution. An hour after the injection of the GalN-LPS solution, blood 
was obtained from the inferior vena cava of the mice under ether anesthesia, and the 
plasma was separated. The amount of TNFa produced in the plasma was measured 
using a commercially available TNFa ELISA kit. The inhibitory activity against 
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TNFa production of the test compound was calculated as an inhibition rate against 
TNFa produced in response to the GalN-LPS injection. A regression line was 
obtained from the inhibition rates and the doses for the mice. The JjD 5 o value (a dose 
at which the inhibition rate is 50%) was calculated from the regression line. The test 
results are shown in Table 2. 



[0375] 
[Table 2] 

Test Compound JD 5 o (nM) 

Compound 1 0.45 

Compound 2 <0.2 

Compound 3 0.96 

Comparative Compound 0.96 



[Test Example 3] 

Survival test for mouse fatal state (in vivo) 

This test was performed according to the method by H. Takada (The Journal 
of Infectious Diseases 162, 428-434 (1990)). 
[0376] 

Whether mice were alive or not was observed 72 hours after injection of a 
GalN-LPS solution, and the survival rate was calculated. The strain, age in week and 
gender of the mice used, the method of preparing the GalN-LPS solution and the 
compound solution administered, the administration route, the timing and the like 
were the same as in Test Example 2. A group of 8 mice was used in the test. The 
test results are shown in Table 3. 
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[Table 3] 

Survival rate (%) of mice after 72 hours 



Dose(mg/kg) Test Compound: Compound 2 Compound 3 Compound 



0.3 


38 


50 


25 


1 


75 


100 


63 


3 


100 


100 


100 
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[Title of the Document] Abstract 
[Abstract] 

[Problem to be Solved] 

A problem is to provide a novel compound having excellent macrophage 
activity inhibitory action and useful as an anti-inflammatory agent, an anti- 
autoimmune disease agent, an immunosuppressive agent, an antiseptic agent or a 
prognosis-improving agent after coronary artery bypass surgery. 
[Solution] 

A compound represented by the general formula: 
[Formula 1] 



[wherein Q represents an oxygen atom, a C1-C3 alkylene group, a -O-Alk- group or a 
-O-Alk-O- group (in which Alk is a C1-C3 alkylene group), 

R 1 represents a C1-C20 alkanoyl group which may be substituted, a C3-C20 
alkenoyl group which may be substituted or a C3-C20 alkynoyl group which may be 
substituted, 

R 2 , R 3 and R 4 , which may be the same or different, represent a hydrogen atom, 
a C1-C20 alkyl group which may be substituted, a C2-C20 alkenyl group which may be 
substituted, a C2-C20 alkynyl group which may be substituted, a C1-C20 alkanoyl 
group which may be substituted, a C3-C20 alkenoyl group which may be substituted 
or a C3-C20 alkynoyl group which may be substituted, 




(I) 
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R 5 represents a hydrogen atom, a halogen atom, a hydroxyl group, a Ci-Ce 
alkoxy group which may be substituted, a C2-C6 alkenyloxy group which may be 
substituted or a C 2 -C6 alkynyloxy group which may be substituted, and 

W represents an oxygen atom or a -NH- group], or a pharmacologically 
acceptable salt thereof. 
[Selected Drawing] None 
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